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Novel Chemical Compounds 
FIELD OF THE INVENTION 

This invention relates to newly identified compounds for inhibiting hYAK3 proteins and 
5 methods for treating diseases associated with hYAK3 activity. 

BACKGROUND OF THE INVENTION 

A number of polypeptide growth factors and homiones mediate their cellular effects through a 
signal transduction pathway. Transduction of signals from the cell surface receptors for these 
10 ligands to intracellular effectors frequently involves phosphorylation or dephosphorylation of 
specific protein substrates by regulatory protein serine/threonine kinases (PSTK) and 
phosphatases. Serine/threonine phosphorylation is a major mediator of signal transduction in 
multicellular organisms. Receptor-bound, membrane-bound and intracellular PSTKs regulate 
cell proliferation, cell differentiation and signalling processes in many cell types. 

15 

Aberrant protein serine/threonine kinase activity has been implicated or is suspected in a 
number of pathologies such as rheumatoid arthritis, psoriasis, septic shock, bone loss, many 
cancers and other proliferative diseases. Accordingly, serine/threonine kinases and the signal 
transduction pathways which they are part of are potential targets for drug design. 

20 

A subset of PSTKs are involved in regulation of cell cycling. These are the cyclin-dependent 
kinases or CDKs (Peter and Herskowitz, Cell 1994: 79, 181-184). CDKs are activated by 
binding to regulatory proteins called cyclins and control passage of the cell through 
specific cell cycle checkpoints. For example, CDK2 complexed with cycHn E allows 

25 cells to progress through the Gl to S phase transition. The complexes of CDKs and cyclins 
are subject to inhibition by low molecular weight proteins such as pi 6 (Serrano et al. Nature 
1993: 366, 704), which bmds to and inhibits CDK4. Deletions or mutations hi pl6 have been 
implicated in a variety of tumors (Kamb et al. Science 1994: 264, 436-440). Therefore, the 
proliferative state of cells and diseases associated with this state are dependent on the activity 

30 of CDKs and their associated regulatory molecules. In diseases such as cancer where 

inhibition of proliferation is desired, compounds that inhibit CDKs may be useful therapeutic 
agents. Conversely, activators of CDKs may be useful where enhancement of proliferation is 
needed, such as in the treatment of immunodeficiency. 

35 YAKl, a PSTK with sequence homology to CDKs, was originally identified in yeast as a 
mediator of cell cycle arrest caused by inactivation of the cAMP-dependent protein kinase 
PKA (Garrett et al, Mol Cell Biol. 1991: 11-6045-4052). YAKl kinase activity is low in 
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cycling yeast but increases dramatically when the cells are arrested prior to the S-G2 transition. 
Increased expression of YAKl causes gi'owth arrest in yeast cells deficient in PKA. Therefore, 
YAKl can act as a cell cycle suppressor in yeast. 

5 Our US patent no. 6,323,3 1 8 describes two novel human homologs of yeast YAKl termed 
hYAK3-2, one protein longer than the other by 20 amino acids. hYAK3-2 proteins (otherwise 
reported as REDK-L and REDK-S in Blood, 1 May 2000, Vol 95, No. 9, pp2838) are primarily 
localized in the nucleus. hYAK-2 proteins (hereinafter simply referred as hYAK3 or hYAKS 
proteins) are present in hematopoietic tissues, such as bone marrow and fetal liver, but the 

10 RNA is expressed at significant levels only in erythroid or erthropoietin (EPO)-responsive 

cells. Two forms ofREDKcDNAs appear to be alternative splice products. Antisense REDK 
oligonucleotides promote erythroid colony formation by human bone marrow cells, without 
affecting colony-formmg unit (CFU)-GM, CFU-Ci or CFU-GEMM numbers. Maximal 
numbers of CFU-E and burst-forming unit-erythroid were increased, and CFU-E displayed 

15 increased sensitivity to suboptimal EPO concentrations. The data indicate that REDK acts as 
a brake to retard erj^hropoiesis. Thus inhibitors of hYAKS proteins are expected to stimulate 
proliferation of cells in which it is expressed. More particularly, inliibitors of hYAK3 proteins 
are useful to treat or prevent diseases of the erythroid and hematopoietic systems mediated the 
imbalance or inappropriate activity of hYAKS proteins, including but not limited to, anemia, 

20 anemias due to renal insufficiency or to chronic disease, such as autoimmunity, HTV, or cancer, 
and di ug-induced anemias, myelodysplastic syndrome, aplastic anemia and myelosuppression, 
and cytopenia. 

SUMMARY OF THE INVENTION 

25 

In the first aspect, the present invention relates to a compoimd of the formula I, 
and/or a pharmaceutically acceptable salt, hydrate, solvate, or pro-drug thereof. 




Q 



30 



I 



wherein: 



R is selected from: hydrogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, 
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Cj^galkyl and substituted Cj^galkyl; 

rIO is selected from: hydrogen, Ci^ealkyl -(CH2)mOH and -(CH2)inCOOH, 

where m is 0 to 6; 
Y is selected from: =0, =S and =NR11, 

where is selected from^ hydrogen, Cj^galkyl, -(CH2)pOH and 

-(CH2)pCOOH, 
where p is 0 to 6; and 
Q is a radical or substituted radical of the formula, 



R3 




in which Z is N or C-R^; 

wherein r2 is hydrogen, ■•NH2, -Cj^galkyl, substituted -Cj^galkyl, "CF3, 
aryl or a radical or substituted radical of the formula 




O 
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wherein is selected from: hydrogen, -Ci^galkyl and substituted -Ci.5alkyl; and 

r3 is hydrogen, -Cj.galkyl, substituted -Ci.galkyl or Cs-ucycloalkyl; and 

r1 is hydrogen, -Ci.galkyl, substituted -Cj^galkyl, amino, mono substituted amino, 
5 disubstituted amino and trifluoromethyl. 

In a second aspect, the mstant invention relates a method of inhibiting hYAK3 in a mammal; 
comprising, administering to the mammal a therapeutically eflfective amount of a compound 
of the Formula I, or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof. 

In a third aspect of the present invention, there is provided a pharmaceutical composition 
including a therapeutically effective amount of a compound of Formula I, or a 
pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof and one or more of 
pharmaceutically acceptable carriers, diluents and excipients. 

In a fouilh aspect of the present invention, there is provided the use of a compound of Formula 
I, or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof in the preparation 
of a medicament for use in the treatment or prevention of a disorder of the erythroid and 
hematopoietic systems mediated by the imbalance or inappropriate activity of hYAK3 
proteins, including but not limited to, anemia, anemias due to renal insufficiency or to chronic 
disease, such as autoimmunity, HTV, or cancer, and drug-induced anemias, myelodysplastic 
syndrome, aplastic anemia and myelosuppression, and cytopenia. 

In a fifth aspect, the present invention relates to a method of treating or preventing diseases of 
25 the erythroid and hematopoietic systems, caused by the hYAK3 imbalance or inappropriate 
activity including, but not limited to, anemia, anemias due to renal insufficiency or to chronic 
disease, such as autoimmunity, HIV, or cancer, and drug-induced anemias, myelodysplastic 
syndrome, aplastic anemia and myelosuppression, and C3^openia; comprising, administering 
to a mammal a therapeutically effective amount of a compoimd of Formula I, or a 
30 pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof and one or more of 
pharmaceutically acceptable carriers, diluents and excipients. 

In a six aspect, the present invention relates to a method of treating or preventing anemia, 
anemias due to renal insufficiency or to chronic disease, such as autoimmunity, HTV, or cancer, 

4 
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and drug-induced anemias, myelodysplastic syndrome, aplastic anemia and myelosuppression, 
and cytopenia; comprising, administering to a mammal a therapeutically effective amount of a 
compound of Formula I, or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug 
thereof and one or more of pharmaceutically acceptable carriers, diluents and excipients. 

5 

Also included in the present invention are methods of co-administering the presently invented 
hYAK3 inhibiting compounds with further active ingredients. 

DETAILED DESCRIPTION 

10 



acceptable salts, hydrates, solvates, and pro-drugs thereof. 

Included in the presently invented compounds of Formula I are those having 
15 Formula 11, and/or pharmaceutically acceptable salts, hydrates, solvates, or pro-drugs 
thereof. 



This invention relates to compounds of Formula I and/or pharmaceutically 




Q 



II 



20 



wherein: 



R is selected from: hydrogen, Ci-Ci2aryl, substituted Ci-Ci2ajyl cycloalkyl, 
substituted cycloalkyl, Cj^galkyl and substituted Cj^galkyl; 



rIO is selected from: hydrogen, Ci.galkyl, -(CH2)mOH and -(CH2)mCOOH, 



25 



where m is 0 to 6; 
Y is selected fi-om: =0^ =S and =NR1 1, 

where RH is selected from: hydrogen, C^^galkyl, -(CH2)pOH and 
-(CH2)pCOOH, 



30 



where p is 0 to 6; and 
Q is a radical of the formula, 
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or 




in which Z is N or C-r2; 

wherein is hydrogen, -NH2, "Ci_6alkyl, substituted— Ci_6alkyl, -CF^, aryl 
or a radical of the formula 




H 



H 



/ \ 

.N O 
\ / 



\ / 



H 



N' 



, or 



H 



O 



10 



wherein is selected from: hydrogen, -Ci.5alkyl and substituted -Cj^galkyl; and 



R-^ is hydrogen, -Cj^galkyl, substituted -Cj^galkyl or C3.i2cycloalkyl; and 

r1 is hydrogen, -Ci^galkyl, substituted -Ci_5alkyl, amino, mono substituted amino, 
disubstituted amino and trifluoromethyl. 



15 



Included in the presently invented compounds of Formula I are those having 

6 
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Formula III, and/or pharmaceutically acceptable salts, hydrates, solvates, or pro-drugs 
thereof, 




wherein: 

R is selected from: hydrogen, Ci-Ci2aryl, substituted Ci-Ci2aryl cycloalkyl, 

substituted cycloalkyl, Ci^galkyl, "-(CH2)n-NR'^Rh, -C(=NH)NH2, 

-(CH2)2N(CH3)2, -C(=0)CH3, <CH2)20CH3, -(CH2)20H, -(CH2)2C(CH3)3 
10 and -(CH2)CH(CH3)2, -C(=0)Ph, -C(=0)CH2NHB0C, -(CH2) 2CH(CH3)2, 

where n is 0 to 6, and 

and R^ are independently selected form hydrogen, Cj^galkyl and substituted 

Ci^galkyl; 

rIO is selected from: hydrogen, Ci^gallq^l -(CH2)mOH and -(CH2)tnCOOH, 

15 where m is 0 to 6; 

Y is selected from: =0, =S and =NR11, 

where R^l is selected from: hydrogen, Ci.6alkyl:> -(CH2)pOH and 

-(CH2)pCOOH, 
where p is 0 to 6; and 
20 Q is a radical of the formula, 




or 




in which Z is N or C-r2; 
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wherein r2 is hydrogen, -NH2, ■Ci.^aJkyl, substituted — Ci_5alkyl, -CF3, aryl 
or a radical of the formula 




H 



N' 
H 



-N O 
\ / 



.N N-R° 
\ / 



H 
-N 



n: 



, or 



H 5 

o 



wherein is selected from: hydrogen, -Ci_5alkyl and substituted -Ci.6a]kyl; and 

R3 is hydrogen, -Ci_6alkyl, substituted ■Cj.galkyl or Ca-ncycloallcyl; and 

r1 is hydrogen, -Ci_6alkyl, substituted -Ci_6alkyl, amino, mono substituted amino, 
disubstituted amino and tiifluoromethyl. 

Included in the presently invented compounds of Formula I are those having 
Formula IV, and/or pharmaceutically acceptable salts, hydrates, solvates, or pro-drugs 
thereof. 



8 
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in which 



5 Ris 



-R 



O 




Q 



IV 



10 



in which the phenyl radical is optionally and independently substituted with up 
to three substituents selected form: halogen, -Ci^alkyl, -OCi^alkyl, -CF3, -CN, 
-CO2H, -SO2NH2, -CONH2; or 



R is a radical of the formula 




-R1 



OH 






OH 



; and 
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5 in which Z is N or C-R2; 

wherein R2 is hydrogen, -NH2, -Ci-ealkyl, -CF3, or a radical of the formula 




H 






H 

-N^ ^CH 



^ , or 



CH3 




10 
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/ — \ 



o 



J 



.R1 
R1 



^N-R1 



r 




; and 



5 n equals zero to two>' 

w equals one to twoJ and 
Rl is -Ci-ealkyl. 



Included in the presently invented compounds of Formula IV are those in which R is phenyl 
10 optionally and independently substituted with up to three substituents selected form: halogen, 
-CLsalkyl, -OCi-salkyl, -CF3, -CN, -CO2H, -SO2NH2. -CONH2. 

Included in the presently mvented compounds of Formula IV are those in which R is defined 
as a radical of the formula 

X 



15 




in which X is halogen or CF3; and T is selected from: hydrogen, halogen, -CLgalkyl, 
-OCsalkyl, -CF3, -CN, -CO2H, -SO2NH2, -CONH2. 

Included in the presently invented compounds of Formula IV are those in which R is defined 
20 as a radical of the formula 



11 
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X 




10 



15 



20 



25 



in which X is halogen or -CF3; and T is selected from: hydrogen, halogen, -Ci^ealkyl, 
-OCi.6alkyl, -CF3, -CN, -CO2H, -SO2NH2, -CONH2; and Q is 



in which R4 is methyl or hydrogen, and W is O or N-Rl, in which Rl is -Ci-ealkyl. 
Licluded among the presently invented compounds are: 

(5Z)-2- [(2- Chlorophenyl)ammo]-5- [(l-methyl- lH-benzimidazol-6-yl)methylidene] - 1,3 
-thiazol-4(5H) -one; 

(5Z)-2"[(2,6-dichlorophenyl)amino]"5-[(l-methyl-lH-benzimidazol-6-yl)methylidene]- 
l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-difluorophenyl)amino]-5"[(l-methyl"lH-benzimidazol-6"y])methylidene]" 
l,3-thiazol-4(5H)-one; 

(5Z) -2 - [(2, 4-dimethylphenyl)amino] - 5 - [(l -methyl- IH-benzimidazol- 6 -yDmethylidene] 
- l,3-thiazol-4(5H)-one; 

(5Z)-5- Kl-methyl- lH"benzimidazol-6-yl)met]iylidene] "2-{[2-(methyloxy)phenyl]amin 
o}- l,3-thiazol-4(5H)-one; 

(5Z)-5-[(l-methyl-lH-benzimidazol-6-yDmethyMene]-2-{[2-(trifluoromethyl)pheny]J 
amino}- l,3-thiazol-4(5H)"one; 

(5Z)-2- [(2,4"difluorophenyl)amino]-5- [(l-methyl- lH-benzimidazoI"6-yl)methylidene]- 
l,3-thiazoI-4(5H)-one; 

(5Z) -2- [(2-chloro-4-fluorophenyl)amino] -5- Kl-methyl" lH-benzimidazol-6-yDmethyHd 
ene]- l,3-thiazol-4(5H)-onej' 

(5Z)-2"[(2"Chlorophenyl)-amino]-5-[(l,2-dimethyl-lH"benzimidazol-6-yD-methyliden 
e] - 1 , 3 - thiazol- 4(5H) -one ; 

(5Z)-2- [(2,6-dichlorophenyl)amino]-5- [(1,2-dimethyl- lH-benzimidazol-6"yl)methylide 

ne]-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-difluoropheny0amino]-5"[(l,2-dimethyl-lH-benziinidazol-6-yI)methylide 
ne]- 1,3 -thiazol" 4(5H) -one j 
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(5Z)-5-[(l,2-dimeth3d-lH-benzimidazol-6-yl)methylidene]-2-[(2^ 
mo]-l,3-tliiazol-4(5H)-one; 

(5Z) -2- [(2,4-difluoropheny])amino] - 5- [(l,2-dimetliyl- IH-benzimidazol-e-yDmethylide 
ne]- l,3-thiazol"4(5H)-one; 
5 (5Z)-2-[(2-cMoro-4-fluorophenyl)amino]-5-[(l,2-dimethyl-lH"benzi^ 
ylidene]-l,3"thiazol-4(5H)-one; 

(5Z)"2" [(2-Chlorophenyl)"amino] -5-({l- [2K4"morpholin^^^ 
}-*inethylidene)" l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-dichlorophenyOamino]-5-({l-[2-(4-morpholinyl)eth^ 
10 -yl}methylidene)-l,3-t]iiazol-4(5H)-one; 

(5Z)-2- [(2-chloro-4-fluorophenyl)amino] - 5"({l- [2-(4-morpholinyl)ethyl] - IH-benzimida 
zol-6"yl}methylidene)- l,3-thiazol-4(5H)"one; 

(5Z)-2-[(2"chlorophenyl)amino]"5-({l"[2"(dimethylamino)ethyl]-lH"benzim 
}methy lidene) - 1 , 3 " thiazol- 4(5H) ■ one ; 
15 (5Z) -2- [(2,6-dichlorophenyl)amino] -5- ({l- [2-(dimethylamino)ethyl] - IH-benzimidazol" 
6 -yl}inethylidene) - 1 , 3-thiazol- 4(5H) - one ; 

(5Z)-2"[(2,4"di£luorophenyl)amino]-5-({l"[2"(dimethylamino)ethyl]-lH-be 
6 -y Omethylidene) - 1 , 3 - thiazol- 4(5H) - one J 

(5Z) - 5 - ({1 - [2 - (dime thylamino)ethyl] - IH-benzimidazol- 6 "yl}methylidene) -2 - (phenylam 
20 ino)-l,3-thiazol-4(5H)-one; 

(5Z)-2- [(2-chlorophenyl)amino] -5-({l" [2-(dietliylamino)ethyl] - lH-benzimidazol-6-yl} 
methylidene) - l,3-tliiazol-4(5H) -one; 

(5Z)-2- [(2,6-dichlorophenyl)amino] -5-({l- [2-(diethylamino)ethylJ - lH-benzimidazol-6" 
yl}methylidene)- l,3-thiazol"4(5H)-one; 
25 (5Z)-2-[(2-cMorophenyl)aniino]-5-({l-[3-(4-moiphoUnyl)propyl]-lH-be^^^ 
}methylidene)- l,3-thiazol"4(5H)-one; 

(5Z)-2-[(2,6-dichlorophenyl)amino]-5-({l-[3-(4-morpholinyl)propyl]-lH-benzim 
6-yl}niethylidene)-l,3"thiazol-4(5H)-one; 

(5Z) -2- [(2-cMorophenyl)anaino] -5" ({1- [3-(4-methyl- l-piperazinyl)propyl] - IH-b 
30 azol-6-yl}methylidene)-l,3-thiazol-4(5H)"one; 

(5Z)-2-[(2,6-dichlorophenyl)amino]-5-({l-[3-(4-methyl"l-piperazinyDpropyl]-lH-ben 
midazol- 6 -yl}methylidene) -1,3 - thiazol- 4 (5H) ■ one ; 

(5Z)-2"[(2-chlorophenyl)amino]-5-({l-[2-(l"pyrroUdinyl)ethyl]"lH-benzimidazol-6-yl} 
methylidene)-l,3-thiazol-4(5H)-one; 
35 (5Z)-2-[(2,6-dichlorophenyl)amino]-5"({l-[2-(l-pyrrolidinyl)ethyl]-lH-benzimidazol-6- 
yl}methylidene)-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-chlorophenyDaniino]-5-({l-[2"(l-piperidinyl)ethyl]-lH-benzimidazol-6-yl}m 
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ethylidene) - 1 , 3 - thiazol- 4(5H) - one ; 

(5Z)-2-[(2,6-dichlorophenyl)ammo]-5-({l-[2-(l-piperidinyl)ethyl]-^ 
yUmethylidene) - 1, 3~tliiazol-4(5H) -one; 

(5Z)-2-[(2,6-di£luorophenyl)amino]-5-({l-[2-(l-piperidinyl)ethy]J-lH-b^^ 
5 l}methylidene)- l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-Chlorophenyl)amino]-5-({l42-(dimethylammo)ethyl]-2-m 
dazol-6-yl}methylidene)-l,3-thiazol-4(5H)-one; 
(5Z)-2-[(2,6"dicMorophenyl)amno]-5"({l-[2-(dimethylainmo)et^^ 
imidazol"6-yl}methylidene)-l,3"thiazol-4(5H)-one; 
10 (5Z)-2-[(2,4-dMuorophenyl)amino]-5-({l-[2-(dimethylamino)ethyU 
imidazol-6-yl}metliylidene)-l,3-thiazol-4(5H)"one; 
(5Z)-5-({l- [2-(dimethylamino)ethyl]-2-methyl- IH-benzinudazoh 
phenylainino)-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-dichlorophenyl)amino]-5-{[l-(2-hydroxyethyl)-2-methyl-lH 
15 -6-yllmethylidene}-l,3-tliiazol-4(5H)"oneJ 

(5Z)-2-[(2-chlorophenyl)amino]-5-({2-methyl-l-[2-(l-piperidinyl)ethyl]-lH 
zol-6-yl}methylidene)-l,3-thiazol-4(5H)-one7' 

(5Z)-2- [(2,6-dichlorophenyl)ammo] -5- ({2"methyl- 1- [2-(l-piperidinyl)ethyl]- IH-benzi 
midazol"6-yl}methylidene)-l,3-thiazol-4(5H)"one; 
20 (5Z)"2-[(2,6-difluorophenyOamino]-5-({2-methyl-l-[2-(lTiperidi^^ 
idazol- 6 -yl}inethylidene) -1,3 - thiazol- 4(5H) - one ; 

(5Z)-2- [(2-chlorophenyl)amino] -5- [(l-methyl-2-{[2-(4-morpholinyl)ethyl] amino}- lH"b 
enziniidazol-6-yl)methylidene] ■ l,3-tliiazoI-4(5H)-one>' 

(5Z)-2- [(2,6-diclilorophenyl)amino] -5- [(l-methyl"2"{[2-(4-morpholinyl)etliyl]aminQ}- 1 
25 H-benziixiidazol-6"y])metliylidene]-l,3"thiazol-4(5H)"one; 

(5Z) -2- [(2,4"di£luorophenyl)amino] -5" [(l -methyl-2-{[2"(4-morplioliny])ethyl]amino}- 1 
H-benziinidazol-6-yl)methylidene]-l,3"tliiazol-4(5H)-one; 

(5Z) -2- [(2-cliloroplieny]) amino] - 5- [(2"{[2-(dimethylamino)etliyl] amino}- 1-methyl- IH- 
benzimidazol-6-y])methylidene]-l,3-tliiazol-4(5H)"one; 
30 (5Z)-2-[(2-chlorophenyl)amino]-5-({2-[(2-hydroxyethyl)amino]"l"methyl"lH-benzim 
azol-6-yl}methylidene)-l,3-thiazol"4(5H)-onej' 

(5Z)"2-[(2-cWorophenyl)amino]-5-{[l-methyl"2-(4-morpholinylmethyl)"lH-benzimida 
zol- 6 -yl] methylidene}- 1 , 3 - thiazol-4(5H) -one 

(5Z)-2-[(2,6-dichlorophenyl)amino]-5-{[l-metliyl-2"(4-morpholinylmethyl)-lH"^ 
35 idazol-6-yl]methylidene}-l,3-thiazol-4(5H)"one; 

(5Z) -2- [(2-chlorophenyl)amino] - 5- ({l-methyl-2- [(4-methyl- l"piperazinyl)methyLl ■ IH- 
benzimidazol-6 -y l}metliylidene) - 1, 3 - thiazol-4(5H) -one; 

14 
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(5Z)-2-[(2,6-dichlorophenyl)amino]-5-({l-methyl"2-[(4-methyl-^ 
lH-benzimidazol-6Tl}methylidene)-l,3"thiazol-4(5H)-one; 
(5Z) -2- [(2-Chloropheny]) -amino] -5-{[l -methyl-2-(trifluoromethy0- ^ 
■yl]-methylidene}-l,3-thiazol"4(5H)-one; 
5 (5Z)"2-[(2,6-dichlorophenyl)ammo]-5-{[l-methyl-2-(trifluorom 
-6"yllniethylidene}-l,3-thiazol-4(5H)-one; 

(5Z) -2- [(2,6-dichlorophenyl)ammo] -5-{[l- [2-(dimethylamino)et^^ 
)- lH-benzimidazol-6-yl]methylidene}- l,3-thiazol-4(5H)-one; 
(5Z)-24(2-cMorophenyl)amino]-5-{[2-(14-dimethylethyl)"l-met^^^ 
10 6-yllmethylidene}-l,3-thiazol'4(5H)-one; 

(5Z)-2-[(2,6-dichlorop]ienyl)aininol - 5-{[2- (l, l-dimethylethyl)- 1-methyl- IH-benzimida 

zol-6-yllniethylidene}-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-Chlorophenyl)amino]-5-[(l-methyl-lH-l,2,3-benzotri^ 

] - 1, 3-thiazol-4(5H) -one; 
15 (5Z)-2"[(2,6-dichloropheny])amino]-5"[(l"methyl'lHa,2,3-benzotri^^ 

ene]-l,3-thiazol-4(5H)-one; 

(5Z)-2- [(2-chlorophenyDamino] -5-({l- [2- (dimethylamino)ethyll- IH- 1,2,3-benzotriazol 
- 6 -y 1} methylidene) - 1 , 3- tbiazol- 4(5H) - one ; 

(5Z)-24(2,6-dichlorophenyl)amino]-5-({l-[2-(dimethylamino)ethyl]aHa,2,^ 
20 azol-6-yl}nietliylidene)-l,3-tliiazol-4(5H)-one; 

2"(2,6-DicUoro-phenyliinino)-5-(2-methyl-benzooxazol"6-yl-methylene)"thiazoU^ 

onel 

2■(2,6■Difluoro-phenylunino)-5-(2-methyl-benzooxazo^6T^nlethylene)-thiazoM 
one; 

25 2-(2-Fluoro-phenylimino)-5-(2"methyl-benzooxazol-6"yl"methylene)"thiazoK^^ 

2-(2-Chloro-phenyliinino)-5"(2-methyl"benzooxazoI-6TlniethyIene)-^ 

2"(2-Triflurometbyl-phenylimmo)-6-(2-methyl-benzooxazol"6Tl3» 

n-4"one; 

30 2-(2,4-Difluoro-phenylimino)-5-(2-methyl-benzooxazol-6Tlniethylene)-tHazoUd^ 

one; 

2-(2,5-DicMoro-phenylimino)-5-(2-methyl-benzooxazol-6-ylmethylene)-thi^^ 
one; 

2-(24-Dimethyl-pbenyUmino)-5-(2-metbyl-benzooxazol-6-ylmethylene)-thiazoU^ 
35 -one; 

2-(4-Cyano-phenylimino)-5-(2"methyl-benzooxazol-6Tlniethylene)-thiazolidin 
4-[5-(2-Methyl-benzooxazol-6-ylmethylene)-4-oxo-thiazolidin-2-ylideneamino]-benz 
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c acidJ 

2-(2,4-Dichloro-phenylimino)-5K2-methyl-benzooxazol-6-ylmeth^^^ 
one; 

2-(2,5-Difluoro-phenylimmo)-5-(2-methyl"^ 
5 one; 

5-(2-Methyl-benzooxazol-6-ylniethylene) "2 -plienylimino-thiazolidin-4-one; 
5-(2-Methyl-benzooxazol-6Tlniethylene)-2-(2-piperidin-lTl"ethylim 

4"oiie; 

2-(2"Methoxy-ethylimino)"5-(2-methyl-benzooxazol-6Tlmethylene)-thiazon^ 

10 

5-(2"Methyl-benzooxazol-6"ylmethylene)-2-(3-morpholin-4TlTropyl^^ 
n"4-one; 

3"[5-(2-Methyl-benzooxazol-6Tlmetliyle3i®)"4"oxo-tMazoUdin"2-^^ 
nesulfonamide; 

15 2-(4-Hydroxy-butyUmino)-5<2-methyl-benzooxazol-6Tlmethylene)-thiazo^^^^ 

2"(trans-4-Hydroxy"cyclohexyUmino)-5-(2-methyl-benzooxazol-6-ylmethylene^ 
Kdin-4-one; 

5-(2"Methyl-benzooxazol"6Tlmethylene)-2-phenethyHmino-thiazoUdin-4"one; 
20 4-{2-[5-(2"Methyl-benzooxazol-6Tlmethylene)-4-oxo-tMazoHdin-2TMeneain^ 
yl} -benzenesulfonamide ; 

2-(2-Benzo[l,3]dioxol-5Tl"ethyKmino)-5-(2-methyl-benzooxazol-6Tlmethylene)-thm^ 
olidin-4-one; 

2- (4-Chloro-phenyUixiino)"5-(2-methyI-benzooxazol"6-ylmethylene)-tlu 
25 5-(2-Methyl-benzooxazol-6-ylmethylene)-2-(pyridin-3Tl™ino)-^ 

3- [5"(2-Methyl-benzooxazol-6Tlniethylene)-4-oxo-tMazoKdm-2Tlide^eaim 

mideJ 

2-(2-Hydroxy-ethylimino)-5-(2-methyl-benzooxazol-6-ylmethylene)-thiaz 
2-(l-Hydroxymethyl-2"phenyl-ethyHmino)-5-(2-methyl-benzooxazol-6Tln^^ 
30 hiazolidin-4-one; 

N"{6- [2-(2-Bromo-phenylimino)-4"oxo-tHazolidin-5Tli<ienemethyl] ■ 1^ 

l-2-yl}-2-dimethylamino"acetamide; 

Methyl (5-{(Z)" [2- [(2-bromophenyl)amino] -4-oxo- l,3-thiazol-5(4H)-ylidene] 
metliyl}-lH-benzimidazol-2"yl)carbamate; 

35 

(5^-24(2-chlorophenyl)amino]-5-{[l-(3,3-dimethylbutyl)-l^-benzim^ 
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methylidene}-l,3-thiazol-4(5^-one; 

(5^ -2- [(2,6-dichlorophenyl)amino] - 5- {[ 1 - (3, 3 - dimethylbutyl) " 
yl]metliylidene}-l,3-thiazol-4(5^-one, trifluoroacetate salt; 
(5^-5"{[l-(2xyclopropylethyl)-l^-benzimidazol"6TllmethyMe 
5 ophenyl)amino] ■ 1, 3-thiazol-4(5^"one; 

(5^"5"{[l-(2-cyclohexylethyl)-ljy-benzirmdazol-^ 
phenyl)amino]-l,3-thiazol-4(5^-one, trifluoroacetate salt; 
(2^ 5-21-2 ■ [(2, 6-dichlorophenyl)imino] "5- [(2-phenyl- l^"be 
dene]-l,3"thiazolidin-4-one, piperidine salt; 
10 (5-^-2-[(2-chlorophenyl)amino]"5-{[l-(2-cyclopropylethyl)-liyb^ 
methyIidene}-l,3-thiazol-4(5i3)-one; 

(5^ " 5-{[l - (2-cyclopropylethyl) - l-£r-benzimidazol-6"yUmethylidene}-2- [(2,6-dichlor 
op henyl) amino]" l,3-thiazol-4(5^-one; 

(2^5^-2-[(2,6"dichlorophenyl)imino]-5-{[2-(l"methylethyl)a^^^ 
15 Imethylidene}" l,3"thiazolidin-4-one; 

(2^5^-2"[(2,6-dichlorophenyl)imino]-5-{[2-(2-methyIpropyl)-l^-benz^^^ 
yl]methylidene}-l,3-thiazolidin-4-one, piperidine salt; 
(2^5^-2-[(2,6-dichIorophenyl)iinino]-5-{[2-(3"pyridinyl)-ljybenz 
ethylidene}- l,3"tliiazolidin-4 one; 

20 (2^5^-2-[(2,6-dichlorophenyl)imino]-5-{[2-(hydroxymethyl)"l^^ 
yl]methylidene}-l,3-thiazolidin-4"one; 

(2^5^-2-[(2,6-dicMorophenyl)imino]-5"{[2-(2"hydroxyethyl)-l^-benzimidazol^ 
ylImethylidene}-l,3"tliiazolidin-4-one; 

(2^5^"2-[(2,6-dichlorophenyl)iniino]-5-{[2-(2-pyridinyl)-l^-be 
25 ethylidene}- 1, 3-thiazolidin-4"one; 

(5-^-5-{[l-(2-cyclopentylethyl)a^benzimidazol-6-yl]methyUdene}-2-[(2,6-dich^ 
ophenyl)amino]-l,3"thiazol-4(5^-one; 

(5^"2-[(2-chlorophenyl)aniino]-5-{[l-(2-cyclopentylethyl)-ljybenzimida 
methylidene}- 1, 3-thlazol-4(5^-one; 
30 (2-^5^-2-[(2,6-dichlorophenyl)iniino]-5-[(2-methyl-ljffbenzimi 
dene] - l,3-thiazolidin"4-one; 

(2^5^-2-[(2,6-dicMorophenyl)imino]"5-{[2-(4"pyridinyl)-ljy-benzimidazol-^ 
ethylidene}- 1, 3-thiazolidin-4-one; 

(2^5^"5-{[l-(2-cyclopropylethyl)-2-(3-pyridinyl)-lJ?benzimidazol-6-yl]methylid 
35 ene}-2"[(2,6"dichlorophenyDimino]-l,3-thiazolidin-4-one; 

(2^5^-2"[(2,6-dichlorophenyl)imino]-5-{[l-methyl-2-(3-pyridinyl)-l^-benzimida 
zol- 5 -yl] methylidene} - 1, 3- thiazolidin- 4- one; 
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{2Z, 52) - 5 " {[2 - (aminomethyl) - l^benzimidazol- 5-yll methylidene} "2 ■ [(2, 6- dichloro 
phenyl)imino] " 1, 3-thiazolidin-4"one; 

(2^5^-5-(ljffbenzimidazol-5"ylmethylidene)-2"[(2,6-dicMorophen^ 
hiazolidin-4-one>' 

5 (2^5^-2"[(2,6-dichlorophenyl)imino]-5-{[2-(hydroxymet^^ 
midazol-6"yUxnethylidene}-l,3-thiazolidin'-4-one; 

(5^-2- [(2, 6-dichlorophenyl)amino] - 5- ({l " [2- (3-pyridinyDethyl] ■ 1^-benzimidazol- 
6-yl}methylidene)-l,3-thiazol-4(5^"one; 

(5^-5-{[l-(cyclopropylmethyl)a^-benzimidazol-6Tl]methyKden^ 
10 ophenyDamino]- l,3-thiazol-4(5H>-one; 

(5^ - 5- [(l-cyclopentyl- 1 jy-benzmiidazol-6-yl)methylidene] -2- [(2,6-dichlorophen^ 
amino] - l,3-thiazol"4(5i^ -one; and 

(5^-5-(l,3"Benzoxazoh6-ylmethyIidene)-2-[(2,6-dichlorophenyl)amino]-l,3-thiaz 
ol-4(5Ja)-one; 

15 and/or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof. 

Compounds of Formula (I) are included in the pharmaceutical compositions of the invention 
and used in the methods of the invention, 

20 By the term "aryl" as used herein, unless otherwise defined, is meant a cyclic or polycyclic 
aromatic ring containing from 1 to 14 carbon atoms and optionally containing from one to five 
heteroatoms, provided that when the number of carbon atoms is 1 the aromatic ring contains at 
least four heteroatoms, when the number of carbon atoms is 2 the aromatic ring contains at 
least three heteroatoms, when the number of carbons is 3 the aromatic ring contains at least 

25 two heteroatoms and when the number of carbon atoms is 4 the aromatic ring contains at least 
one heteroatom. 

By the term "Ci-Ci2aryl" as used herein, unless otherwise defined, is meant phenyl, 
naphthalene, 3,4-methylenedio3cyphenyl, pyridine, biphenyl, quinoline, pyrimidine, 
30 quinazoline, thiophene, furan, pyrrole, pyrazole, imidazole, tetrazole, 4-fluorophenyl and 
thiazolyL 

By the tenn "substituted" as used herein, unless otherwise defined, is meant that the subject 
chemical moiety has one or more substituents selected from the group consisting of: 

35 .CO2R20; Ci.i2aryl; -C(0)NHS(0)2R20; -NHS(0)2R20; hydroxyalkyl; alkoxy; 
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-C(0)NR21r22; =C(NH2)2; -C(=0)alkyl; -C(=0)aryl; acyloxy; alkyl optionally substituted 
with from one to three substituents independently selected from -S(0)2R20, -NHS(0)2R20^ 

-NHC(=0)R21, -NHC(=0)NR21r22 .nhC(=0)0R21 and -N=CHNMe2; Cg-iacycloalkyl 

optionally substituted with firom one to three substituents independently selected from alkyl; 
5 aryloxy; amino; dialkylamino; N-acylamino; -NHC(=0)r21; 3,4-methylenedio?Q^phenyl; 

piperidin; morpholin; piperazin; alkylpiperazin; hydroxyl; -(CH2)gC(0)OR8, -S(0)vR8; 

nitro; tetrazole; cyano; oxo; halogen; trifluoromethyl; -NHC(=0)N r21r22 and 
-NHC(=0)0R21; where g is 0-6; R^ is hydrogen, amino or alkyl; r20 is selected from 
hydrogen, Ci-C4alkyl optionally substituted with one or two substituents independently 

10 selected from Ci^i2Bxyl, Ci.i2aryl and trifluoromethyl; and r21 and r22 are independently 

selected from hydrogen, aryl, C3.i2cycloalkyl, trifluoromethyl, and Ci-C4alkyl optionally 
substituted with from one to three substituents independently selected from methoxy, 
dialkylamino, amino, cycloalkyl, Ci^i2aryh hydroxy, -C02Et and -CO2H; and v is 0-2. 

15 By the term "alkoxy" as used herein is meant -Oalkyl where alkyl is as described herein 
including -OCH3 and -OC(CH3)2CH3. 

The term "cycloalkyl" and "C3-i2cycloalkyr', and derivatives thereof, as used herein unless 
otherwise defined, is meant a nonaromatic, unsaturated or saturated, cyclic or polycyclic 
20 C3-Ci2» optionally containing form 1 to 3 heteroatoms. 

Examples of cycloalkyl and substituted cycloalkyl substituents as used herein include: 
cyclohexyl, 4-hydroxy-cyclohexyl, piperidin, morpholin, piperazin, 2-ethylcyclohexyl, 
propyl 4-methoxycyclohexyl, 4-methoxycyclohexyl, 4-carboxycyclohexyl, cyclopropyl and 
25 cyclopenlyl. 

By the term "acyloxy" as used herein is meant -OC(0)alkyl where alkyl is as described herein. 
Examples of acyloxy substituents as used herein include: -0C(0)CH3, -OC(0)CH(CH3)2 
and -OC(0)(CH2)3CH3. 

30 

By the term "N-acylamino" as used herein is meant -N(H)C(0)alkyl, where alkyl is as 
described herein. Examples of N-acylamino substituents as used herein include: 

19 
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-N(H)C(0)CH3, -N(H)C(0)CH(CH3)2 and -N(H)C(0)(CH2)3CH3. 



By the term "heteroatom" as used herein is meant oxygen, nitrogen or sulfur. 

5 By the term "halogen" as used herein is meant a substituent selected from bromide, iodide, 
chloride and fluoride. 

By the term "alkyl" and derivatives thereof and in all carbon chains as used herein is meant a 
linear or branched, saturated or unsaturated hydrocarbon chain, and unless otherwise defined, 
10 the carbon chain will contain from 1 to 12 carbon atoms. Examples of alkyl substituents as 
used herein include: ^CH2-CH3, -CH2-CH2-CH3, -CH(CH3)2, -C(CH3)3, 

<CH2)2C(CH3)3, -(CH2)2CH(CH3)2, -(^2)3-^3, 
"CH2-CH(CH3)2, -CH(CH3)-CH2-CH3, -CH=CH2, and -C=C-CH3. 

15 By the term "treating" and derivatives thereof as used herein, is meant prophylatic and 
therapeutic therapy. 

Compounds of Formula (I) are included in the pharmaceutical compositions of the invention 
and used in the methods of the invention. Where a -COOH or -OH group is present, 
20 pharmaceutically acceptable esters can be employed, for example methyl, ethyl, 

pivaloyloxymethyl, and the like for -COOH, and acetate maleate and the like for -OH, and 
those esters known in the art for modifying solubility or hydrolysis characteristics, for use as 
sustained release or prodrug formulations. 

25 The treatment of anemia in its various forms, as described herein, is accomplished by 
increasing the production of red blood cells, and/or hemoglobin, and/or hematocrit. 

As used herein, the term "effective amount" means that amount of a drug or pharmaceutical 
agent that will elicit the biological or medical response of a tissue, system, animal or human 

30 that is being sought, for instance, by a researcher or clinician. Furthermore, the term 

"therapeutically effective amount" means any amount which, as compared to a corresponding 
subject who has not received such amount, results in improved treatment, healing, prevention, 
or amelioration of a disease, disorder, or side effect, or a decrease in the rate of advancement 
of a disease or disorder. The term also includes within its scope amounts effective to enhance 

35 normal physiological function. 

Because the pharmaceutically active compounds of the present invention are hYAK3 
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inhibiting compounds they exhibit therapeutic utility in treating anemia and other conditions 
with depressed red blood cell production. 

By the term "anemia" and derivatives thereof as used herein is to be broadly interpreted as any 
5 decrease in the number of red blood cells below what is considered normal or desired for a 
healthy individual. Anemia is known to have many causative factors, including but not 
limited to, renal insuflSciency, chronic disease, such as autoimmunity, HIV, cancer, 
drug-induced anemias, myelodysplastic syndrome, aplastic anemia, myelosuppression, and 
cytopenia. The pharmaceutically active compounds of this invention are useful in treating 
10 anemia regardless of the factor or factors causing the condition. The pharmaceutically active 
compounds of this invention are also useful in treating anemia when the causative factor or 
factors of the condition are unknown or have yet to be identified. 

Optimal dosages to be administered may be readily determined by those skilled in the art, and 
15 will vary with the particular hYAK3 inhibiting compound in use, the strength of the 

preparation, the mode of administration, and the advancement of the disease condition. 
Additional factors depending on the particular patient being treated will result in a need to 
adjust dosages, including patient age, weight, diet, and time of administration. 

20 Prophylactic use of the compounds of this invention is contemplated whenever a decrease in 
blood or blood cells is anticipated. Prophylactic use of the compounds of this invention 
results in a build up of red blood cells or a commencement of red blood cell production prior to 
an anticipated loss of blood or blood cells. Prophylactic uses of the compounds of this 
invention includes but is not limited to transplant surgery, surgery, anesthesia prior to child 

25 birth and gut protection. 

As used herein, the term "optionally" means that the subsequently described event(s) may or 
may not occur, and includes both event(s), which occur, and events that do not occur. 



30 As used herein, the crisscrossed double bond indicated by the symbol denotes Z 

and/or E stereochemistry around the double bond. In other words a compound of formula I 
can be either in the Z or E stereochemistry around this double bond, or a compound of formula 
I can also be in a mixture of Z and E stereochemistry around the double bond. However, in 
formula I, the preferred compounds have Z stereochemistry around the double bond to which 

35 radical Q is attached. 
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A compound of formula I naturally may exist in one tautomeric form or in a mixture of 
tautomeric forms. For example, for sake simplicity, a compound of formula I is expressed in 
one tautomeric form, usually as an exo form, i.e. 



20 




Q 

Exo form 

However, a person of ordinary skill can readily appreciate the compounds of formula I can 
also exist in endo forms. 




Q 

Endo form 

The present invention contemplates all possible tautomeric forms. 

10 Certain compounds described herein may contain one or more chiral atoms, or may otherwise 
be capable of existing as two enantiomers, or two or more diastereoisomers. Accordingly, the 
compounds of this invention include mixtures of enantiomers/diastereoisomers as well as 
purified enantiomers/diastereoisomers or enantiomerically/diastereoisomerically enriched 
mixtures. Also included within the scope of the invention are the individual isomers of the 

15 compounds represented by Formula I above as well as any wholly or partially equilibrated 
mixtures thereof. The present invention also covers the individual isomers of the compounds 
represented by the formulas above as mixtures with isomers thereof in which one or more 
chiral centers are inverted. Also, as stated above, it is understood that all tautomers and 
mixtures of tautomers are included within the scope of the compounds of Formula I. 



While it is possible that, for use in therapy, therapeutically effective amoimts of a compound 
of Formula I, as well as pharmaceutically acceptable salts, hydrates, solvates and pro-drugs 
thereof, may be administered as the raw chemical, it is possible to present the active ingredient 
as a pharmaceutical composition. Accordingly, the invention further provides pharmaceutical 

22 



wo 2005/082901 



PCTAJS2005/006022 



compositions (otherwise referred to as pharmaceutical formulations), which include 
therapeutically effective amounts of compounds of the Formula I and pharmaceutically 
acceptable salts, hydrates, solvates and pro-drugs thereof, and one or more pharmaceutically 
acceptable carriers, diluents, or excipients. The carrier(s), diluent(s) or excipient(s) must be 
5 acceptable in the sense of being compatible wrtli the other ingredients of the formulation and 
not deleterious to the recipient thereof. In accordance with another aspect of the invention 
there is also provided a process for the preparation of a pharmaceutical formulation including 
admixing a compound of the Formula I, or a pharmaceutically acceptable salt, hydrate, solvate 
or pro-drug thereof, with one or more pharmaceutically acceptable carriers, diluents or 
10 excipients. 

Pharmaceutical formulations may be presented in unit dose forms containing a predetermined 
amount of active ingredient per unit dose. Such a unit may contain, for example, O.Smg to 1 g, 
suitably Img to 700mg, suitably 5mg to lOOmg of a compound of the Formula I, depending on 

15 the condition being treated, the route of administration and the age, weight and condition of 
the patient, or pharmaceutical formulations may be presented in unit dose fomis containing a 
predetennined amount of active ingredient per unit dose. Preferred unit dosage formulations 
are those containing a daily dose or sub-dose, as herein above recited, or an appropriate 
fraction thereof, of an active ingredient. Furthermore, such pharmaceutical formulations may 

20 be prepared by any of the methods well known in the pharmacy art. 

Pharmaceutical formulations may be adapted for administration by any appropriate route, for 
example by the oral (including buccal or sublingual), rectal, nasal, topical (including buccal, 
sublingual or transdermal), vaginal or parenteral (including subcutaneous, intramuscular, 
25 intravenous or intradermal) route. Such formulations may be prepared by any method known 
in the art of pharmacy, for example by bringing into association the active ingredient with the 
carrier(s) or excipient(s). 

Pharmaceutical formulations adapted for oral administration may be presented as discrete 
30 units such as capsules or tablets; powders or granules; solutions or suspensions in aqueous or 
non-aqueous liquids; edible foams or whips; or oil-in-water liquid emulsions or water-in-oil 
liquid emulsions. 

For instance, for oral administration in the form of a tablet or capsule, the active drug 
35 component can be combined with an oral, non-toxic pharmaceutically acceptable inert carrier 
such as ethanol, glycerol, water and the like. Powdei's are prepared by comminuting the 
compound to a suitable fine size and mixing with a similarly comminuted pharmaceutical 
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carrier such as an edible carbohydrate, as, for example, starch or mannitol. Flavoring, 
preservative, dispersing and coloring agent can also be present. 

Capsules are made by preparing a powder mixture, as described above, and filling formed 
5 gelatin sheaths. Glidants and lubricants such as colloidal silica, talc, magnesium stearate, 
calcium stearate or solid polyethylene glycol can be added to the powder mixture before the 
filling operation. A disintegrating or solubilizing agent such as agar-agar, calcium carbonate 
or sodium carbonate can also be added to improve the availability of the medicament when the 
capsule is ingested. 

10 

Moreover, when desired or necessary, suitable binders, lubricants, disintegrating agents and 
coloring agents can also be incorporated into the mixture. Suitable binders include starch, 
gelatin, natural sugars such as glucose or beta-lactose, com sweeteners, natural and synthetic 
gums such as acacia, tragacanth or sodium alginate, carboxymethylcellulose, polyethylene 

15 glycol, waxes and the like. Lubricants used in these dosage forms include sodium oleate, 

sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and 
the like. Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite, 
xanthan gum and the like. Tablets are formulated, for example, by preparing a powder 
mixture, granulating or slugging, adding a lubricant and disintegrant and pressing into tablets. 

20 A powder mixture is prepared by mixing the compound, suitably comminuted, with a diluent 
or base as described above, and optionally, with a binder such as carboxymethylcellulose, an 
aliginate, gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraflHn, a resorption 
accelerator such as a quaternary salt and/or an absorption agent such as bentonite, kaolin or 
dicalcium phosphate. The powder mixture can be granulated by wetting with a binder such as 

25 syrup, starch paste, acadia mucilage or solutions of cellulosic or polymeric materials and 
forcing through a screen. As an alternative to granulating, the powder mixture can be run 
through the tablet machine and the result is imperfectly formed slugs broken into granules. 
The granules can be lubricated to prevent sticking to the tablet forming dies by means of the 
addition of stearic acid, a stearate salt, talc or mineral oil. The lubricated mixture is then 

30 compressed into tablets. The compounds of the present invention can also be combined with a 
free flowing inert carrier and compressed into tablets directly without going through the 
gi'anulating or slugging steps. A clear or opaque protective coating consisting of a sealing coat 
of shellac, a coating of sugar or polymeric material and a polish coating of wax can be 
provided. Dyestuffs can be added to these coatings to distinguish different unit dosages. 

35 

Oral fluids such as solution, syrups and elixirs can be prepared in dosage unit form so that a 
given quantity contains a predetermined amount of the compound. Syrups can be prepared by 
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dissolving the compound in a suitably flavored aqueous solution, while elixirs are prepared 
through the use of a non-toxic alcoholic vehicle. Suspensions can be formulated by dispersing 
the compound in a non-toxic vehicle. Solubilizers and emulsifiers such as ethoxylated 
isostearyl alcohols and polyoxy ethylene sorbitol ethers, preservatives, flavor additive such as 
5 peppermint oil or natural sweeteners or saccharin or other artificial sweeteners, and tlie like 
can also be added. 

Where appropriate, dosage unit formulations for oral administration can be 
microencapsulated. The formulation can also be prepared to prolong or sustain the release as 
10 for example by coating or embedding particulate material in polymers, wax or the like. 

The compounds of Formula I, and pharmaceutically acceptable salts, hydrates, solvates and 
pro-drugs thereof, can also be administered in the form of liposome delivery systems, such as 
small unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles. Liposomes 
15 can be formed from a variety of phospholipids, such as cholesterol, stearylamine or 
phosphatidylcholines. 

The compounds of Formula I, and pharmaceutically acceptable salts, hydrates, solvates and 
pro-drugs thereof may also be delivered by the use of monoclonal antibodies as individual 

20 carriers to which the compoxmd molecules are coupled. The compounds may also be coupled 
with soluble polymers as targetable drug carriers. Such polymers can include 
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide -phenol, 
polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted with 
palmitoyl residues. Furthermore, the compounds may be coupled to a class of biodegradable 

25 polymers useful in achieving controlled release of a drug, for example, polylactic acid, 
polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters, polyacetals, 
polydihydropjrans, polycyanoacrylates and cross-linked or amphipathic block copolymers of 
hydrogels. 

30 Pharmaceutical formulations adapted for transdermal administration may be presented as 

discrete patches intended to remain in intimate contact with the epidermis of the recipient for a 
prolonged period of time. For example, the active ingredient may be delivered from the patch 
by iontophoresis as generally described in Pharmaceutical Research, 3(6), 318 (1986). 

35 Pharmaceutical formulations adapted for topical administration may be formulated as 

ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays, aerosols or 
oils. 
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For ti eatments of the eye or other external tissues, for example mouth and skin, the 
formulations are preferably applied as a topical ointment or cream. When formulated in an 
ointment, the active ingredient may be employed with either a parafiBnic or a water-miscible 
5 ointment base. Alternatively, the active ingredient may be formulated in a cream with an 
oil-in-water cream base or a water-in-oil base. 

Pharmaceutical formulations adapted for topical administrations to the eye include eye drops 
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an 
10 aqueous solvent 

Pharmaceutical formulations adapted for topical administration in the mouth include lozenges, 
pastilles and mouth washes. 

15 Pharmaceutical formulations adapted for rectal administration may be presented as 
suppositories or as enemas. 

Pharmaceutical formulations adapted for nasal administration wherein the carrier is a solid 
include a coarse powder having a particle size for example in the range 20 to 500 microns 
20 which is administered in the manner in which snuff is taken, i.e. by rapid inhalation through 
the nasal passage from a container of the powder held close up to the nose. Suitable 
formulations wherein the carrier is a liquid, for administration as a nasal spray or as nasal 
drops, include aqueous or oil solutions of the active ingredient 

25 Pharmaceutical formulations adapted for administration by inhalation include fine particle 
dusts or mists, which may be generated by means of various types of metered, dose 
pressurised aerosols, nebulizers or insufflators. 

Pharmaceutical formulations adapted for vaginal administration may be presented as pessaries, 
30 tampons, creams, gels, pastes, foams or spray formulations. 

Pharmaceutical formulations adapted for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats 
and solutes which render the formulation isotonic with the blood of the intended recipient; and 
35 aqueous and non-aqueous sterile suspensions which may include suspending agents and 

thickening agents. The formulations may be presented in unit-dose or multi-dose containers, 
for example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) 
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condition requiring only the addition of the sterile liquid carrier, for example water for 
injections, immediately prior to use. Extemporaneous injection solutions and suspensions 
may be prepared from sterile powders, granules and tablets. 

5 It should be understood that in addition to the ingredients particularly mentioned above, the 
formulations may include other agents conventional in the art having regard to the type of 
formulation in question, for example those suitable for oral administration may include 
flavouring agents. 

10 A therapeutically effective amoimt of a compound of the present invention will depend upon a 
number of factors including, for example, the age and weight of the animal, the precise 
condition requiring treatment and its severity, the nature of the formulation, and the route of 
administration, and will ultimately be at the discretion of the attendant physician or 
veterinarian. However, an effective amount of a compound of Formula I for the treatment of 

15 or prevention of diseases of the erythroid and hematopoietic systems, caused by hYAK3 
imbalance or inappropriate activity including, but not limited to, neutropenia; cytopenia; 
anemias, including anemias due to renal insufficiency or to a chronic disease, such as 
autoimmunity, HIV or cancer, and drug-induced anemias; and myelosuppression will 
generally be in the range of 0.1 to 100 mg/kg body weight of recipient (mammal) per day and 

20 more usually in the irange of 1 to 10 mg/kg body weight per day. When treating a human 
patient in need of increased red blood cell count, the selected dose is administered preferably 
from 1-6 times daily, orally or parenterally. Preferred forms of parenteral administration 
include topically, rectally, transdermally, by injection and continuously by infusion. Oral 
dosage units for human administration preferably contain from 0.05 to 3500 mg of active 

25 compound. Oral administration, which uses lower dosages is preferred. Parenteral 
administration, at high dosages, however, also can be used when safe and convenient for the 
patient. It is envisaged that similar dosages would be appropriate for treatment of the other 
conditions referred to above. 

30 By the term "co-administering" and derivatives thereof as used herein is meant either 

simultaneous administration or any manner of separate sequential administration of a hYAKS 
inhibiting compound, as described herein, and a further active ingredient or ingredients, 
known to treat anemia, including chemotherapy-induced anemia and bone marrow 
transplantation and other conditions with depressed red blood cell production. The term 

35 further active ingredient or ingredients, as used herein, includes EPO, EPO derivatives, any 
compound or therapeutic agent known to or that demonstrates advantageous properties when 
administered with hYAKS inhibiting compound. Preferably, if the administration is not 
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simultaneous, the compounds are administered in a close time proximity to each other. 
Furthermore, it does not matter if the compounds are administered in the same dosage form, 
e.g. one compound may be administered topically and another compound may be 
administered orally. 

5 

Examples of a further active ingredient or ingredients for use in combination with the 
presently invented hYAK3 inhibiting compounds include but are not limited to: EPO and 
therapeutic agents that increase red blood cell count, and/or hemoglobin, and/or hematocrit 

10 Method of Preparation 

Compounds of general formula I may be prepared by methods known in the art of organic 
synthesis as set forth in part by the following synthesis schemes. In all of the schemes 
described below, it is well understood that protecting groups for sensitive or reactive groups 

15 are employed where necessary in accordance with general principles of chemistry. Protecting 
groups are manipulated according to standard methods of organic synthesis (T. W. Green and P. 
G. M. Wuts (1991) Protecting Groups in Organic Synthesis, John Wiley & Sons), These 
groups are removed at a convenient stage of the compound synthesis using methods that are 
readily apparent to those skilled in the art. The selection of processes as well as the reaction 

20 conditions and order of their execution shall be consistent with the preparation of compounds 
of formula I. Those skilled in the art will recognize if a stereocenter exists in compounds of 
formula I. Accordingly, the present invention includes both possible stereoisomers and 
includes not only racemic compounds but the individual enantiomers as well. When a 
compound is desired as a single enantiomer, it may be obtained by stereospecific synthesis or 

25 by resolution of the final product or any convenient intermediate. Resolution of the final 

product, an intermediate, or a starting material may be effected by any suitable method known 
in the art. See, for example. Stereochemistry of Organic Compounds by E. L. Eliel, S. H. 
Wilen, and L. N. Mander (Wiley-Interscience, 1994). 

30 More particularly, the compounds of the formula I can be made by the process of either 

Scheme A or B or a variant thereof. Any person skilled in the art can readily adapt the process 
of either A or B, such the stoichemistry of the reagents, temperature, solvents, etc. to optimize 
the yield of the products desired. 
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H2N-R ^ 



acid S AcONa 



AcOH 

III 




Briefly in Scheme A, a mixture of aniline derivative of formula II (1 equivalent) andNH4SCN 
5 (about 1 .3 equivalent) in an acid (typically 4N-HG1) is heated to reflux at about 1 10 C° for 6 
hours. After cooling, the mixture is treated v^ith H2O, v^hich process usually forms a solid, 
followed by desiccation in vacuo to give a compound of formula III. (However, the 
compounds of formula m are often commercially available.) 

10 A mixture of formula III compound, CICH2CO2H (1 equivalent), and AcONa (1 equivalent) in 
AcOH is heated to reflux at around 1 10 C° for about 4 h. The mixture is poured onto water 
fliereby a solid is typically formed, which is isolated by filtration. The solid is washed with a 
solvent such as MeOH to afford a compoimd of formula IV. 

15 A mixture of formula IV compound, an aldehyde of formula V (1 equivalent), AcONa (3 
equivalent) in AcOH is heated to reflux at about HOC for about 10 to 48 hours. After 
cooling, a small portion of water was added until the solid forms. The solid is filtered and 
washed with a solvent such as MeOH, followed by desiccation in vacuo to afford a target 
product of formula I. 

20 

As a variation of Scheme A, a compound of formula IV can also be synthesized according to 
Scheme A or Scheme A". 
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Scheme A' 
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Scheme A" 
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Compounds of fonnula V are known or can be made by standard organic chemical techniques. 
For example. Schemes 1 to 11 depict some of the ways to make a compound of formula V, and 
further ways to make a compound of formula I from a compound of formula V. 



10 Scheme 1. 1-Methylbenzimidazoles 

HO,C^ ^OMe l,Oxalyl chloride, THF N^^^.-'^n^^^ 1 . MeNh^, DMSO NC. 




2. NK^, THF 

3. EtgN. TFAA, THF 



OHC. 



ii. RaNI, HC02H, yp 




Me 



2. Pd/C, Hj, 
MeOH/EtOAc 

O- 



piperidine, EtOH 
170 ''C, 12 min 



NHMe 
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Scheme 2. 1,2-Dimethylbenzimidazoles 
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NH2 
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2,4-pentanedione NC. 
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Scheme 3. 1-Aminoethylbenzimidazoles 



OMe 



1. H2NCH2CH2(R1)2 NC 
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i. HCO2H 
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Scheme 4. 2-(Aminoethyl)aininobenziinidazoles 
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5 Scheme 6. 2-Trifluoromethylbenziinidazoles 




Raney Nickel 
HCOjH. H2O 
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Me 



Scheme 7. 2-2^Butylbenzimidazoles 

wie J 
NC\^^^::^NHMe ^.buCHO. CulOAc)^ NC^^^-:^^^^^J Raney Nickel ^ OHC...^^^^^^^^N 




' Raney Nickel 
HCO2H. H2O 




33 



wo 2005/082901 



PCT/US2005/006022 



Scheme 10 
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5 Scheme 11 




3. UAIH4. 
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Briefly in Scheme 9, preparation of aldehyde 4 starts with cyclization of methyl 
4-amino-3-hydroxy-benzoate 1. Benzoxazole 2 is formed by the reaction with triethylortho 
acetate. Other reagents, such us, but not limited to, acetamide, acetic anhydride, acetyl 

10 chloride, could be utilized in this reaction. Formed benzoxazole is then isolated from the 
reaction mixture by filtration. Reduction of the ester to the alcohol 3 is done using lithium 
aluminum hydride. Other reducing agents, such us, but limited to, DIBAL-H, diborane, 
sodium-ammonia, sodium borohydride can be used for this reaction. Oxidation of alcohol in 
the presence of PCC yields aldehyde 4. Other oxidative reagents, such us MnOa or Swem 

15 oxidation can be utilized in this case. Coupling of the aldehyde with thiazolidinone utilizing 
Knoevenagel reaction can proceed under acid or basis catalysis. When benzoxazole undergoes 
acid-catalyzed reaction, partial formation of the ring-opening product may be observed. 
Product is then purified by column chromatography. Coupling with rhodanine under basic 
conditions yields thiazolidinone 5, which was then methylated with Mel to give 

20 thiazolidinone 6. Other methylating agents suitable for this reaction are diazomethane, methyl 
sulfoxide or other suitable methylating agents. Displacement with a variety of alkyl and aryl 
amines is done in ethanol and pure product can be isolated by filtration. 
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Scheme B 
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Scheme B is a variant of process of Scheme 9. Briefly in Scheme B, a mixture of an aldehyde 
of foimula V (1 equivalent % rhodanine (1 equivalent), sodium acetate (about 3 equivalents), 
5 and acetic acid is heated at around 1 10 C° for about 48 h. The reaction mixture is cooled to 
room temperature to afford a product of formula VII. 

Then, to a room temperature suspension of VII (1 equivalent) in a suitable solvent such as 
ethanol is added Hunig's base (about 2 equivalents) followed by iodomethane (about 5 
10 equivalents). Stirring the resultant suspension at room temperature for 3 .5 h will yield a 

compound of Vm, To a mixture of VHI (1 equivalent) and MS4A powder is added an amine 
of formula IX (l-'2 equivalent) and ethanol (dehydrated)- The mixture was heated to afford a 
compound of formula I. 

15 In the above Schemes, the meaning of R, Rl, R3, and Q are as defined for Formula I. 
Specific Embodiments - Examples 

As used herein the symbols and conventions used in these processes, schemes and examples 
20 are consistent with those used in the contemporary scientific literature, for example, the 

Journal of the American Chemical Society or the Journal of Biological Chemistty. Standard 
single-letter or thi'ee-letter abbreviations are generally used to designate amino acid residues, 
which are assumed to be in the L-configuration unless otherwise noted. Unless otherwise 
noted, all starting materials were obtained from commercial suppliers and used without 
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further purification. Specifically, the following abbreviations may be used in the examples 
and throughout the specification: 



10 



15 



20 



25 



30 



35 



g (grams); 
L (liters); 
|xL (microliters); 
M (molar); 
i. V. (intravenous); 
MHz (megahertz); 
mmol (millimoles); 
min (minutes); 
mp (melting point); 
Tr (retention time); 
MeOH (methanol); 
TEA (triethylamine); 
TFAA (trifluoroacetic anhydride); 
DMSO (dimethylsulfoxide); 
DME (l52-dimethoxyethane); 
DCE (dichloroethane); 



mg (milligrams); 

mL (milliliters); 

psi (pounds per square inch); 

mM (millimolar); 

Hz (Hertz); 

mol (moles); 

rt (room temperature); 

h (hours); 

TLC (thin layer chromatography); 
RP (reverse phase); 
i-PrOH (isopropanol); 
TFA (trifluoroacetic acid); 
TEDF (tetrahydrofuran); 
AcOEt (ethyl acetate); 
DCM (dichloromethane); 



DMF (N,N-dimethylformamide); 
DMPU (N,N -dimethylpropyleneurea); (GDI (1,1-carbonyldiimidazole); 
BBCF (isobutyl chloroformate); HOAc (acetic acid); 

HOSu (N-hydroxysuccinimide); HOBT ( 1 -hydroxybenzotriazole); 

mCPBA (meta-chloroperbenzoic acid; EDC (ethylcarbodiimide hydrochloride); BOG 



FMOG (9-fluorenyhnetho3Q^carbonyI); DGG 
GBZ (benzylo^carbonyl); 
atm (atmosphere); 
TMS (trhnethylsilyl); 
TBS (t-butyldimethylsilyl); 
BSA (bovine serum albumin) 
HRP (horseradish peroxidase); 



(tert-butyloxycarbonyl); 
(dicyclohexylcarbodiimide); 
Ac (acetyl); 

TMSE (2-(trimethylsilyl)ethyl); 
TIPS (triisopropylsilyl); 
DMAP (4-dimethylaminopyridine); 
ATP (adenosine triphosphate); 
DMEM (Dulbecco's modified Eagle medium); 
HPLC (high pressure liquid chromatography); 
BOP (bis(2-oxo-3-oxazolidinyl)phosphinic chloride); 
TBAF (tetra-n-butylammonium fluoride); 
HBTU (0-Benzotriazole-l-yl-N,N,N%N'- tetramethyluronium 
hexafluorophosphate) . 

HEPES (4-(2--hydroxyethyl)-l-piperazine ethane sulfonic acid); 

36 



wo 2005/082901 



PCT/US2005/006022 



DPPA (diphenylphosphoryl azide); 

fHN03 (fumed HN03); and 

EDTA (ethylenediaminetetraacetic acid). 

5 All references to ether are to diethyl ether; brine refers to a saturated aqueous solution of NaCl. 
Unless otherwise indicated, all temperatures are expressed in (degrees Centigrade). All 
reactions are conducted under an inert atmosphere at room temperature unless otherwise 
noted. 

10 ^HNMR spectra were recorded ona Varian VXR-300, a VarianUnity-300, a VarianUnity-400 
instrument, a Brucker AVANCE-4OO5 or a General Electric QE-300. Chemical shifts are 
expressed in parts per million (ppm, 5 units). Coupling constants are in units of hertz (Hz). 
Splitting patterns describe apparent multiplicities and are designated as s (singlet), d (doublet), 
t (triplet), q (quartet), quint (quintet), m (multiplet), br (broad). 

15 

Low-resolution mass spectra (MS) were recorded on a JOEL JMS-AX505HA, JOEL SX-102, 
or a SCIEX-APIiii spectrometer; LC-MS were recorded on a micromass 2MD and Waters 
2690; high resolution MS were obtained using a JOEL SX-102 A spectrometer. All mass 
spectra were taken under electrospray ionization (ESI), chemical ionization (CI), electron 
20 impact (EI) or by fast atom bombardment (FAB) methods. Infrared (IR) spectra were 

obtained on a Nicolet 510 FT-IR spectrometer using a l-nrni NaCl cell. Most of the reactions 
were monitored by thin-layer chromatography on 0.25 mm E. Merck silica gel plates 
(60F-254), visualized with UV light, 5% ethanolic phosphomolybdic acid or p-anisaldehyde 
solution. Flash column chromatography was performed on silica gel (230-400 mesh, Merck). 

25 

In the present specification, often the regiochemistry around the double bonds in the chemical 
formulas are drawn as fixed for ease of representation; however, a skilled in the art will readily 
appreciate that the compounds will naturally assume more thermodynamically stable structure 
around the C=N (the imine) double bond, if they exit, as exo fomi. Further compounds can 
30 also exit in endo form. As stated before, the invention contemplates both endo and exo forms 
as well as both regioisomers around the exo imine bond. Further it is intended that both E and 
Z isomers are encompassed around the C=C double bond. 

The method of this invention of inducing hYAK3 inhibiting activity in mammals, including 
35 humans, comprises administering to a subject in need of such activity an effective hYAK3 
inhibiting amount of a pharmaceutically active compound of the present invention. 
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The invention also provides for the use of a compound of Formula (I) in the manufacture of a 
medicament for use as an inhibitor of hYAK3. 



The invention also provides for the use of a compoimd of Formula (I) in the manufacture of a 
5 medicament for use in therapy. 

The invention also provides for the use of a compound of Formula (I) in the manufacture of a 
medicament for use in enhancing red blood cell production. 

10 The invention also provides for the use of a compound of Formula (I) in the manufacture of a 
medicament for use in treating anemia. 

The invention also provides for a pharmaceutical composition for use in the inhibition of 
hYAK3 which comprises a compound of Formula (I) and a pharmaceutically acceptable 
15 carrier. 

The invention also provides for a pharmaceutical composition for use in the treatment of 
anemia which comprises a compound of Formula (I) and a pharmaceutically acceptable 
carrier. 

20 

The invention also provides for a pharmaceutical composition for use in enhancing red blood 
cell production which comprises a compound of Formula (I) and a pharmaceutically 
acceptable carrier. 



25 No unacceptable toxicological effects are expected when compounds of the invention are 
administered in accordance with the present invention. 

In addition, the pharmaceutically active compounds of the present invention can be 
co-administered with further active ingiedients, such as other compounds known to treat 
30 anemia, including chemotherapy-induced anemia and bone marrow transplantation and other 
conditions with depressed red blood cell production, or compounds known or found to have 
utility when used in combination with a hYAK3 inhibiting compound. 

Without further elaboration, it is believed that one skilled in the art can, using the preceding 
35 description, utilize the present invention to its fullest extent. The following Examples are, 

therefore, to be construed as merely illustrative and not a limitation of the scope of the present 
invention in any way. 
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Example 1 

(5^-2-[(2-ChloroT)henvl)amino]-54(l-methvl"li?benzim^ 
.3"thiazol-4(5.^-one 

5 

(a) 3-(Methyloxy)-4-nitrobenzonitrile. Following the procedure of Mackman 
etal^iaJ. Med, Cbem. 2001, 44, 2753-2771, 3-methoxy-4-mtrobenzoic acid (11.52 g, 
58.4 mmoD was dissolved in THF (158 mL) and cooled to 0 ^C. Oxalyl chloride (5.6 
mL, 64.3 mmol) was added dropwise under a nitrogen atmosphere, followed by a 

10 few drops of DMF. The reaction mixture was allowed to warm to room temperature 
and stirred for 1 h. The mixture was then concentrated to dryness under reduced 
pressure, and the residue redissolved in THF (158 tolO and cooled to 0 °C. 
Ammonia gas was bubbled through the solution for 10 min, leading to the 
formation of a yellow precipitate. The ice bath was removed, and the mixture was 

15 sealed and allowed to stir overnight. After the addition of EtOAc (100 mD, the 
solids were filtered off, washed with water, and dried to provide 
3-(methyloxy)-4-nitrobenzamide (10.10 g, 88%) as a yellow solid. Additional 
product could be recovered from the filtrate by removal of the organic solvent under 
reduced pressure, then redissolving the residue in EtOAc. The organic layer was 

20 washed with IN HCl (2 x 100 mL), brine (2 x 100 mL), then dried (Na2S04), 

filtered and concentrated to afford an additional 1.07 g (9%). NMR (dg-DMSO): 

6 8.25 (bs, IH), 7.96 (d, e/= 8.0 Hz, IH), 7.75 (d, 1.6 Hz, IH), 7.73 (s, IH), 7.57 (dd, 
1.6, 8.4 Hz, IH), 3.98 (s, 3H). 

25 To a suspension of 3-(methyloxy)-4-nitrobenzamide (11.17 g, 56.7 mmol) in THF 

(150 mL) was added EtsN (10.3 mL, 73.7 mmol), followed by the dropwise addition of 
TFAA (8.67 mL, 62,4 mmol). After stirring for 1.5 h, the solvent was removed in vacuo 
and the mixture dissolved in EtOAc (400 mL), The solution was washed with IN HCl (l 
X 200 mL), brine (2 x 250 mL), dried over Na2S04, filtered and concentrated to yield 

30 3"(methyloxy)-4-nitrobenzonitrile (9.98 g, 96% overall) as a yellow soUd. ^H NMR 
(dQ-DMSO): 5 8.06 (d, c/= 8.4 Hz, IH), 7.96 (d, 1.2 Hz, IH), 7.64 (dd, L2, 8.4 Hz, 

IH), 3.98 (s, 3H). 

(b) 3-(Methylamino)-4-nitrobenzonitrile. Following the procedure of Mackman 
35 etal in J. Med. Chem. 2001, 44, 2753-2771, 3"methoxy-4-nitrobenzonitrile (l.O g, 5.62 
mmol) was dissolved in DMSO (7 mL) in a pressure tube and a 40% solution of MeNH2 
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in water (1 mL) was added. The tube was sealed and heated to 75 °C for 4 h, then cooled 
and poured onto an ice/water mixture. The precipitate was filtered, rinsed with water, 
and dried to afford 3-(inethylamino)-4-nitrobenzonitrile (0.95 g, 95%) as an orange solid. 

iH NMR (CDCI3): 5 8.26 (d, 8.8 Hz, IH), 8.05 (bs, IH), 7.15 (d, 1.2 Hz, IH), 6.89 

5 (dd, 1.6, 8.8 Hz, IH), 3.06 (d, c/= 5.2 Hz, 3H). 

(c) 4-Amino-3-(methylatnino)benzomtrile. To a mixture of 

3- (methylamino)-4-nitrobenzonitrile (0.655 g, 3.70 mmol) in MeOH (9.5 mL) and 
EtOAc (9.5 mL) was added 10% Pd/C (65 mg). After stirring under a hydrogen 

10 atmosphere for 4 h, the reaction mixture was iHltered through a pad of Celite, rinsed 
with MeOH, and concentrated under reduced pressure to afford 

4- amino-3-(methylamino)benzonitrile (0.542 100%) as a beige solid. iRNMR 
(CDCI3): 5 7.02 (dd, J=- 1 .6, 8.0 Hz, IH), 6.84 (d, J= 1.2 Hz, IH), 6.68 (d, J= 8.0 Hz, 
IH), 3.74 (bs, 2H), 3.32 (bs, IH), 2.87 (s, 3H). 

15 

(d) l-MethyHi7-benzimidazole-6-carbaldehyde. A mixture of 
4-amino-3-(methylamino)benzonitrile (0,40 g, 2,72 mmol) in HCO2H (9 mL) was 
heated to 100 °C for 2 h. The mixture of crude benzimidazole was then cooled, Raney 
nickel (0.4 g) and H2O (2 niL) were added, and the mixture was heated again to 100 ""C 

20 for 1 h. The hot mixture was then filtered through Celite, rinsed with MeOH and 

concentrated under reduced pressure. Water (1 mL) was added to the residue, which 
was then treated carefully with sat. aq. NaHC03. The solid which precipitated was 
filtered, rinsed with H2O and dried to afford 

l-methyHif-benzimidazole-6-carbaldehyde (0.412 g, 95%) as a tan solid, which was 
25 used directly in the next reaction. lHNMR(CDCl3): S 10.12 (s, IH), 8.05 (s, IH), 8.00 
(d, J- 0.8 Hz, IH), 7.92 (d, 8.0 Hz, IH), 7.84 (dd, J= 1.2, 8.0 Hz, IH), 3.94 (s, 
3H). 



(e)(52)-2-[(2-Chlorophenyl)amino]-5-[(l-methyl-liy-benzimidazol-6-yl)meth 
30 ylidene]-l,3-thiazol-4(5i?)-one. A solution of 

1- methyl-lif-benzimidazole-6-carbaldehyde (15 mg, 0,094 mmol), 

2- [(2-chlorophenyl)amino]-l,3-thiazol-4(5/Z)-one (21.3 mg, 0.094 mmol), and 
piperidine (18.5 |liL, 0.188 mmol) in EtOH (0.5 mL) was heated in a microwave 
reactor at 170 ""C for 720 s. The solvent was then removed under reduced pressure and 

35 the crude product purified by precipitation from a mixture of CH2Cl2/hexanes. 
Alternatively, the product could be purified by column chromatography. 
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Example 


Compound name 


NMR (400 MHz) 


1 


(5^ - 2- [(2 ■ Chloropheny 1 
)amino]-5-[(l-inethyl-l 
^benzimidazol-6-yl)m 
ethylidene] - 1, 3-thiazol- 
4(5^9 -one 


(CDCI3): 7.95 (s, IH), 7.92 (s, IH), 7.81 (d, c7= 
8.8 Hz, IH), 7.48 (m, 2H), 7.39 (dd, 0.8, 8.8 
Hz, IH), 7.31 (dt, 1.6, 7.6 Hz, IH), 7.17 (dt, 
1.6, 7.6 Hz, IH), 7.08 (m, IH), 3.86 (s, 3H) 



Examples 2-8 



The following compounds were prepared according to the procedure of Example 1, 
except substituting the appropriately substituted thiazolone for 
2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5Jy)-one: 




Example 


Compound name 


R 


NMR (400 MHz) 


2 


(5^"2-[(2,6-dichlorophe 
nyl) 

amino] - 5- [(1 -methyl" 1 

^benzimidazol-6"yl)m 
ethylidene] - 1, 3"thiazol- 
4(5i5-one 


( 




(dg-acetone): 8.11 (s, IH), 7.70 
(m, 3H), 7.43 (m, 3H), 7.12 (m, 
IH), 3.91 (s, 3H) 


3 


(5^-2-[(2,6-difluorophe 

nyl) 

amino] - 5 ■ [( 1 - methyl- 1 
^-benzimidazol"6"yl)ni 
ethylidene] - 1, 3-thiazol- 
4(5iS)-one 


f 

X 




(CDClg): 7.95 (s, IH), 7.92 (s, 

IH), 7.81 (d, J= 8.0 Hz, IH), 
7.46 (s, IH), 7.38 (m, IH), 7.12 
(m, IH), 7.00 (t, J = 7.6 Hz, 
2H), 8.89 (s, 3H) 


4 


(5^ -2- [(2,4-dimethylph 
enyl) 

amino] " 5 ■ [(1 - methyl- 1 
i3'-benzimidazol"6-yl)m 
ethylidene] - 1 , 3- thiazol- 
4(5.£&-one 


Mb 




(CDClg): 7.93 (s, IH), 7.90 (s, 

IH), 7.80 (d, J= 7.6 Hz, IH), 
7.45 (s, IH), 7.39 (dd, J= 0.8, 
8.8 Hz, IH), 7.10 (s, IH), 7.05 
(dd, J= 2.0, 8.0 Hz, IH), 6.91 
(d, J= 8.8 Hz, IH), 3.89 (s, 3H). 
2.36 (s, 3H), 2.22 (s, 3H) 
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5 


(5^-5- [(1-methyl- 

enzimidazol-6-yl)methy 
lideiie]-2-{[2-(methylox 

y) 

phe nyl] amino} -1,3 - thia 
zol-4(5ii9''one 




(GDCI3): 7.95 (s, IH), 7.84 (m, 

IH), 7.51 (m, 2H), 6.99 (m, 2H). 
3.91 (s, 3H), 3.89 is, 3H) 


6 


(5^ - 5 ■ [(1- methyl-m-b 

t; llZtlXlllLLclZiIJi yJ y Jl/ LIXKSltLLy 

lidene]-2-{[2"(trifluoro 
methyl)phenyl]amiiio}- 
l,3-thiazol"4(5^-one 




(CDClg): 7.94 (s,lH), 7.89 (s, 

IH;, 7.80 \dd, J = 0.8, 8.4 Hz, 
IH), 7.71 (d, J= 7.6 Hz, IH), 
7.56 (m, 2H), 7.45 (m, IH), 7.38 
(m, IH), 7.10 (m, IH), 3.85 (s, 
3H) 


7 


(5^-2-[(2,4-difluorophe 
nyUammoJ "5- Lvl"inethy 
1- ljH^benzimidazol-6-yl) 
methylidene] - 1,3-thiaz 
ol-4(5^-one 


& 

F 


(CDClg): 7.95 (s, IH), 7.88 (m, 

IH), 7.43 (m, IH), 7.35 (m, 2H), 
6.92 (m, 2H), 3.74 (s, 3H), 2.63 
(s, 3H) 


8 


(5^ -2- [(2-chloro"4-fluor 
op henyl) " amino] * 5 " Kl * 
methyl- 1 J?benzimidaz 
ol-6 -yl)met]iylidene] - 1, 
3-thiazol-4(5i2)-one 


& 

F 


(CD3OD): 9.33 (s, IH), 8.01 (s, 

IH), 7.88 (m, 2H), 7.74 (dd, J = 
1.6, 8.4 Hz, IH), 7.33 (d, J = 8.4 
Hz, IH), 7.11 (d, J = 6.4 Hz, 
2H), 4.11 (s, 3H) 



Example 9 

(5Z)-2-[(2-Chlorophenvnamino1-5-[(1.2-dimel3ivl-liy-benzimidaz^^^ 
- 1 3-thiazol-4r 5/f)-one 

5 

(a) 1 ,2-Dimethyl- 1 i?-benzimidazole-6-carbonitrile. 
4-Amino-3-(methylamino)benzonitrile (from Example 1(c); 0.500 g, 3.40 mmol) and 
2,4-pentaiiedione (0.700 mL, 6.80 mmol) were dissolved in EtOH (8.4 mL) and cooled 
to 0 ""C. 6N HCl (2.8 mL) was added dropwise and the solution turned deep red. Stirring 

10 was continued for 20 min, after which time the mixture was carefully poured onto ice/sat. 
aq. NaHC03, making sure tlie aqueous layer remained basic. The solid product which 
precipitated was filtered off, rinsed with H2O and dried to afford the crude 
l,2-dimethyl-lfZ-benzimidazole-6-carbonitrile (0.355 61%). NMR (CDCI3): 
5 7.72 (d, J= 8.4 Hz, IH), 7.62 (d, J= 1.2 Hz, IH), 7.50 (dd, J= L2, 8.4 Hz, IH), 3.78 (s, 

15 3H), 2.66 (s, 3H). 

(b) l,2-Dimethyl-lH-benzimidazole-6-carbaldehyde. A mixture of 
l,2-dimethyHiir-benzimidazole-6-carbonitrile (0.355 g, 2.08 mmol) and Raney nickel 
(150 mg) was suspended in HCO2H (7 mL) and H2O (3 mL) and heated to 100 °C for 2 h. 

20 The mixture was then filtered hot through Celite, rinsed with MeOH, and concentrated. To 
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the resulting residue was added H2O (1 mL) followed by sat. aq. NaHC03 until basic. The 
aqueous layer was extracted with CH2CI2 (2x30 mL), dried over Na2S04, and 
concentrated to yield the product aldehyde (0.284 g, 79%) as a beige solid. NMR 
(CDCI3): 5 10.07 (s, IH), 7.88 (t, J = 1.2 H, IH), 7.77 (d, J = 1.2 Hz, 2H), 3.81 (s, SH), 
5 2.61 (s,3H). 

(c)(5Z)-2- [(2-Chlorophenyl)amino]-5- [( 1 ,2-dimethyl- li?-benzimidazol-6-yl)meth 
ylidene]-l,3-thiazol-4(5//)-one. Knoevenagel coupling with 

2-[(2-chlorophenyI)amino]-l,3-thiazol-4(5ii/)-one was accomplished using the procedure 
10 of Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


9 


(5^-2"[(2-Chloropheny])- 
amino]-5" 
[(l,2"dimethyMiy- 
benzimidazol- 6 -yl) - 

methylidene] " 
1, 3 ■thiazol-4(5i2) -one 


(dg-DMSO): 12.58 (s, IH), 7.81 (s, IH), 

7.72 (s, IH), 7.59 (d, 8.4 Hz, IH), 7.55 
(d, c7= 8.0 Hz, IH), 7.38 (m, IH), 7.23 (m, 
3H), 3.72 (s, 3H), 2.53 (s, 3H) 



Examples 10-14 




The following compounds were prepared according to the procedure of Example 9, 
except substituting the appropriate thiazolone for 
2-[(2-chlorophenyl)amino]-l53-thiazol-4(5//)-one: 
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Example 


Compound name 




NMR (400 MHz) 


10 


\uZ/) A \\jiitj\> uicniorop 
lie ny 1) amino] ■ 5 - [(l , 2 - 
dimethyl- 1^-benzimi 
dazol- 6 -y l)methy lide 
nel-l,3-thiazol-4(5B- 
one 




(d, J= 7.6 Hz, IH), 7.41 (m, 
2H), 7.26 (m, IH), 6.97 (m, IH), 
3.29 (s, 3H), 2.5 (s, 3H) 


11 


\ojo/ z i\Z J D ciiiiuorop 

nenyv 
amino]-5-[(l,2-dimet 
hyl- li^T-benzimidazol- 
6 -y 1) methy lidene] -1,3 
-tliiazol-4(5^-one 


F 


2a.), 7.33 Wd, </ 1.2, 8.4 Hz, 
IH), 7.20 (m, IH), 7.05 (t, = 
8.0 Hz, 2H), 3.76 (s, 3H), 2.59 
(s, 3H) 




(5^-5-[(l,2"dimethyl- 




(dg-DMSO): 7.76 (d, J= 3.6 Hz, 


12 


lJj?*benzimidazol"6-yl 
)methylidene] -2 - [(2,4 

"dimethylphenyl) 
amino] - l,3-thiazol-4( 
5-S)"one 




IH), 7.71 (s, IH), 7.58 (d, e7 = 
8.4 Hz, IH), 7.22 (dd, J =1.6, 
8.4 Hz, IH), 7.10 (s, IH), 7.02 
(m, IH). 3.71 (s, 3H), 3.29 (s, 
3H), 2.53 (s, 3H), 2.29 (s, 3H) 


13 


(5^-2-[(2,4-difluorop 

henyl) 
amino] - 5 ■ [(1 , 2 ■ dimet 
hyl" l-£Pbenzimidazol- 
6 -yl) methy lidene] - 1,3 
-thiazol-4(5iS)-one 


F 


(CDgOD): 7.83 (s, IH), 7.58 (m, 

2H), 7.36 (m, IH), 7.06 (m, 3H), 
3.77 (s, 3H), 2.60 (s, 3B) 


14 


(5^-2-[(2-chloro-4-flu 

orophenyl) 
amino]-5-[(l,2-dimet 
hyl- l£Pbenzimidazol- 
6-yl)methylidene] - 1, 3 
•thiazol-4(5^ -one 


& 

F 


(CD3OD): 7.82 (s, IH), 7.57 (m, 

2H), 7.35 (dd, J = 0.8, 8.8 Hz, 
IH), 7.31 (d, J = 8.8 hz, IH), 
7.12 (d, J = 5.6 Hz, 2H), 3.77 (s, 
3H), 2.60 (s, 3H) 



Example 15 

f5ZV24a-Chlorophenyl)amino1-5-(n-[2-(4-morpholinvl)ethvl1-lH-benzimid 
methvlidene V 1 .3 -thiazol-4(5HVone 

5 

(a) 4-Amino-3-{[2-(4-morpholinyl)ethyl]amino}benzonitrile. A mixture of 

3- methoxy-4-nitrobenzonitrile (from Example 1(a); 0.1 78g, 1,0 mmol) and 

4- (2"-aminoethyl)morplioline (0.65 mL, 5.0 mmol) were heated to 80 °C for 20 h. The 
reaction mixture was cooled, diluted with EtOAc (50 mL), and washed with H2O (3 x 30 

10 mL) and brine (1x30 mL). The organic layer was dried (Na2S04), filtered, and 

concentrated to afford 3-{[2-(4-morpholinyl)ethyl]amino}-4-nitrobenzonitrile (0.246 g, 
89%) as a red solid. This material was dissolved in MeOH (3 mL), 10% Pd/C (24 mg) 
was added, and the mixture stirred under a hydrogen atmosphere overnight. Filtration 
through Celite and removal of the solvent provided the desired diaminobenzonitrile 

15 (0.219 g, 100%) as a red oil. 
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cycling yeast but increases dramatically when the cells are arrested prior to the S-G2 transition. 
Increased expression of YAKl causes growth arrest in yeast cells deficient in PKA. Therefore, 
YAKl can act as a cell cycle suppressor in yeast. 

5 Our US patent no. 6,323,3 1 8 describes two novel human homologs of yeast YAKl termed 
hYAK3-2, one protein longer than the other by 20 amino acids. hYAK3-2 proteins (otherwise 
reported as REDK-L and REDK-S in Blood, 1 May 2000, Vol 95, No. 9, pp2838) are primarily 
localized in the nucleus. hYAK-2 proteins (hereinafter simply referred as hYAK3 or hYAK3 
proteins) are present in hematopoietic tissues, such as bone marrow and fetal liver, but the 

10 RNA is expressed at significant levels only in eiythroid or erthropoietin (EPO)-responsive 

cells. Two forms of REDK cDNAs appear to be alternative splice products. Antisense REDK 
oligonucleotides promote erythroid colony formation by human bone marrow cells, without 
affecting colony-forming unit (CFU)-GM, CFU-Q or CFU-GEMM numbers. Maximal 
numbers of CFU-E and burst-forming unit-erythroid were increased, and CFU-E displayed 

15 increased sensitivity to suboptimal EPO concentrations. The data indicate that REDK acts as 
a brake to retard erythropoiesis. Thus inhibitors of hYAK3 proteins are expected to stimulate 
proliferation of cells in which it is expressed. More particularly, inhibitors of hYAK3 proteins 
are useful to treat or prevent diseases of the erythroid and hematopoietic systems mediated the 
imbalance or inappropriate activity of hYAK3 proteins, including but not limited to, anemia, 

20 anemias due to renal insufficiency or to chronic disease, such as autoimmunity, HTV, or cancer, 
and drug-induced anemias, myelodysplastic syndrome, aplastic anemia and myelosuppression, 
and cytopenia. 

SUMMARY OF THE INVENTION 

25 

In the first aspect, the present invention relates to a compound of the formula I, 
and/or a pharmaceutically acceptable salt, hydrate, solvate, or pro-drug thereof. 




30 



wherein: 

R is selected from: hydrogen, aryl, substituted aryl, cycloallg^l, substituted cycloalkyl, 
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Cj^galkyl and substituted Cj.galkyl; 
rIO is selected from: hydrogen, Ci.galkyl, -(CH2)mOH and -(CH2)mCOOH, 

where m is 0 to 6; 
Y is selected from: =0, =S and =NR11, 

5 where R^^ is selected from: hydrogen, Ci.6alkyl, -(CH2)pOH and 

-(CH2)pCOOH, 
where p is 0 to 6; and 
Q is a radical or substituted radical of the formula, 

R3 




in which Z is N or C'Bp'l 

wherein R2 is hydrogen, -NH2, "Cj^galkyl, substituted -Ci^galkyl, "CFs, 
aryl or a radical or substituted radical of the formula 




. or 



wo 2005/082901 



PCT/US2005/006022 



wherein is selected from: hydrogen, -Ci_6alkyl and substituted -Ci.5alkyl; and 

R3 is hydrogen, -Ci.6alkyl, substituted -Cj^galkyl or Cs^ncycloalkyl; and 

r1 is hydrogen, -Ci_6alkyl, substituted -Cx-galkyl, amino, mono substituted amino, 
5 disubstituted amino and trifluoromethyl. 

In a second aspect, the instant invention relates a method of inhibiting hYAK3 in a mammal; 
comprising, administering to the mammal a therapeutically effective amount of a compound 
of the Formula I, or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof. 

10 

In a third aspect of the present invention, there is provided a pharmaceutical composition 
including a therapeutically effective amount of a compound of Formula I, or a 
pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof and one or more of 
pharmaceutically acceptable carriers, diluents and excipients. 

15 

In a fourth aspect of the present invention, there is provided the use of a compound of Formula 
I, or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof in the preparation 
of a medicament for use in the treatment or prevention of a disorder of the erythroid and 
hematopoietic systems mediated by the imbalance or inappropriate activity of hYAK3 
20 proteins, including but not limited to, anemia, anemias due to renal insuflBciency or to chronic 
disease, such as autoimmunity, HIV, or cancer, and drug-induced anemias, myelodysplastic 
syndrome, aplastic anemia and myelosuppression, and cj^openia. 

In a fifth aspect, the present invention relates to a method of treating or preventing diseases of 
25 the erythroid and hematopoietic systems, caused by the hYAK3 imbalance or inappropriate 
activity including, but not limited to, anemia, anemias due to renal insufficiency or to chronic 
disease, such as autoimmunity, HIV, or cancer, and drug-induced anemias, myelodysplastic 
syndrome, aplastic anemia and myelosuppression, and cytopenia; comprising, administering 
to a mammal a therapeutically effective amount of a compound of Formula I, or a 
30 pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof and one or more of 
pharmaceutically acceptable carriers, diluents and excipients. 

In a six aspect, the present invention relates to a method of treating or preventing anemia, 
anemias due to renal insufficiency or to chronic disease, such as autoimmunity, HIV, or cancer. 
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and drug-induced anemias, myelodysplastic syndrome, aplastic anemia and myelosuppression, 
and cytopenia; comprising, administering to a mammal a therapeutically effective amount of a 
compound of Formula I, or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug 
thereof and one or more of pharmaceutically acceptable carriers, diluents and excipients. 

Also included in the present invention are methods of co-administering the presently invented 
hYAK3 inhibiting compounds with further active ingredients. 



acceptable salts, hydrates, solvates, and pro-drugs thereof. 

Included in the presently invented compounds of Formula I are those having 
15 Formula 11, and/or pharmaceutically acceptable salts, hydrates, solvates, or pro-drugs 
thereof. 



DETAILED DESCRIPTION 



10 



This invention relates to compounds of Formula I and/or pharmaceutically 




Q 



II 



20 



wherein: 



25 



R is selected from: hydrogen, Ci-Ci2aryl, substituted Ci-Ci2ajyU cycloalkyl, 
substituted cycloalkyl, Cj.galkyl and substituted Ci_6alkyl; 

rIO is selected from: hydrogen, Cj^galkyl, -(CH2)inOH and -(CH2)mCOOH, 

where m is 0 to 6; 
Y is selected from: =0^ =S and =NR1 1, 

where R^l is selected from: hydrogen, Ci.6^kyl» -(CH2)pOH and 

-(CH2)pCOOH, 



30 



where p is 0 to 6; and 
Q is a radical of the formula. 
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in which Z is N or C-R^; 

wherein r2 is hydrogen, -NH2, -Ci.6alkyl, substituted -Cj^galkyl, -CF3, aiyl 
or a radical of the formula 




O 



wherein is selected fronoi: hydrogen, -Cj^galkyl and substituted -Cj.galkyl; and 

R3 is hydrogen, -Cj^galkyl, substituted 'Ci^^slkyl or Cs-iacycloalkyK and 

r1 is hydrogen, -Ci_6alkyl, substituted -Ci^galkyl, amino, mono substituted amino, 
disubstituted amino and trifluoromethyl. 

Included in the presently invented compounds of Formula I are those having 

6 
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thereof, 



III 

5 

wherein: 

R is selected from: hydrogen, Ci-Ci2aiylj substituted Ci-Ci2aryl> cycloalkyl, 

substituted cycloalkyl, Ci.6alkyl, -(CH2)n-NRkRh^ -C(=NH)NH2, 

-(CH2)2N(CH3)2, -C(=0)CH3, -(CH2)20CH3, -(CH2)20H, -(CH2)2C(CH3)3 
10 and -(CH2)CH(CH3)2, -C(=0)Ph, -C(=0)CH2NHB0C, -(CH2) 2CH(CH3)2, 

where n is 0 to 6, and 

H}^ and Rh are independently selected form hydrogen, Ci^galkyl and substituted 
Ci„6alkyl; 

rIO is selected from: hydrogen, Ci^salkyl, -(CH2)mOH and -(CH2)mCOOH, 

15 where m is 0 to 6; 

Y is selected from: =0, =S and =NR1 1, 

where R^^ is selected from: hydrogen, Cj^galkyl, -(CH2)pOH and 

-(CH2)pCOOH, 
where p is 0 to 6; and 
20 Q is a radical of the formula, 




in which Z is N or C-R2; 

7 
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wherein ig hydrogen, "NH2, -Ci^galkyl, substituted — Ci^galkyl, "CF3, aryl 
or a radical of the formula 




O 



wherein is selected from: hydrogen, -C2-6alkyl and substituted -Ci_6alkyl; and 

r3 is hydrogen, -Cj^galkyl, substituted -Cj.s^lkyl or C3,i2cycloalkyl; and 

r1 is hydrogen, -Cj^galkyl, substituted -Cj^galkyl, amino, mono substituted amino, 
disubstituted amino and trifluoromethyl. 

Included in the presently invented compounds of Formula I are those having 
Formula IV, and/or pharmaceutically acceptable salts, hydrates, solvates, or pro-drugs 
thereof, 



8 
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5 Ris 




in which the phenyl radical is optionally and independently substituted with up 
to three substituents selected form: halogen, -Ci.6alkyl, -OC^ealkyl, -CF3, -CN, 
10 -CO2H, -SO2NH2, -CONH2; or 



R is a radical of the formula 





9 
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or 




5 in which Z is N or G-R2; 

wherein R2 is hydrogen, -NHa, -Ci-eallyl, -CF3, or a radical of the formula 




H 



,R1 



R1 



N' 
H 



,OH 



,N O 

\ / 



/ \ 



\ / 



N-CH, 



H 



o 



CH3 

CH, 



, or 



IP ; and 

O 



10 
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.R1 
R1 



^^^-^^iT^N^ ^N-R1 



\ / 



V 



/ 



. or 



V 



; and 



n equals zero to two! 
w equals one to two; and 
Rl is -Gi-ealkyl. 



Included in the presently invented compounds of Formula IV are those in which R is phenyl 
10 optionally and independently substituted with up to three substituents selected form: halogen, 
-C^alkyl, -OCi^alkyl, -CF3, -CN, -CO2H, -SO2NH2, -CONH2. 

Included in the presently invented compounds of Formula IV are those in which R is defined 
as a radical of the formula 

X 




in which X is halogen or CF3; and T is selected from: hydrogen, halogen, -Ci-ealkyl, 
-OCsalkyl, -CF3, -CN, -CO2H, -SO2NH2, -CONH2. 

Included in the presently invented compounds of Formula IV are those in which R is defined 
20 as a radical of the formula 



11 
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in which X is halogen or -CF3; and T is selected from: hydrogen, halogen, -Ci^alkyl, 
-OC,.6alkyl> -CF3, -CN, -CO2H, -SO2NH2, -CONH2; and Q is 
-W 

y-RA 




in which R4 is methyl or hydrogen, and W is O or N-Rl, in which Rl is -Ci^alkyl. 



Licluded among the presently invented compounds are: 

10 (5Z) -2- [(2-ChIorophenyl)amino]-5" [(l-methyl- lH-benzimidazol-6-yDmethylidene] - 1,3 
- thiazol-4(5H) -one ; 

(5Z) "2" [(2, 6-dichlorophenyDamino] -5 - [(l-methyl- IH-benzimidazol-G-yDmethylidene] ■ 
l,3-thiazol-4(5H)-one; 

(5Z) "2- [(2 ,6-difluorophenyDamino] - 5- [(1 -methyl- lH-benzimidazol-6-yl)methylidene] - 

15 l,3-tMazol-4(5H)-one; 

(5Z)-2-[(2,4-dimethylphenyl)ainino]-5-[(l"methyl-lH-benzmudazol-6Tl)methylidene] 

-l,3-thiazoI-4(5H)-one; 

(5Z)-5- Kl-methyl" lH-benzimidazol-6-yDmetliylidene] -2-{[2-(methyloxy)phenyl]amin 
o}- l,3-thiazol-4(5H)"one; 
20 (5Z)-5-[(l-methyl-lH-benzimidazol-6Tl)i3aethyMene]-2-{[2-(trifLuor^ 
a33ciino}-l,3-tliiazol"4(5H3-one; 

(5Z)-2- [(2,4-difluoropheny])amino] -5- [(l-methyl- lH-benzimidazol-6-yl)methylidene] ■ 
l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-chloro-4-fluorophenyl)amino]-5-[(l-methyl"lH-benziinidazol-6-yl)methyM 

25 ene]-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-Chlorophenyl)-aminol-5-[(l,2-dimethyl-lH-benzimidazol-6-yl)-methyliden 

e] - 1 , 3-thiazol- 4(5H) -one; 

(5Z)-2- [(2,6-diclilorophenyl)amino]-5- [(1,2-dimethyl- lH-benzimidazol-6-yl)methylide 
ne]-l,3-thiazol-4(5H)-one; 
30 (5Z)-2-[(2,6-difluorophenyl)amino]-5-[(l,2-dimethyl-lH-benzimidazol-6-yl)methylide 

ne] - 1, 3-thiazol-4(5H)-one; 

12 
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(5Z) -5- [(1,2-diniethyl- lH-benziinidazol-6-yl)methylidene] "2- [(2,4-dimetliylphenyl)ain 
ino]-l,3-t]iiazol-4(5H)-one; 

(5Z)-2-[(2,4-difluorophenyl)amino]-5-[(l,2-dimethyl-lH-ben^^ 
ne]-l,3-thiazol-4(5H) ■one? 
5 (5Z)-2-[(2-chloro-4"fluoropheny0amino]-5-[(l,2-dimethyiaH-b 
ylidene] - 1, 3-tliiazol-4(5H) -one; 

(5Z)-2-[(2-Chlorophenyl)-ammo]-5-({l-[2-(4-morpholinyOet^^ 
}-methyHdene)- l,3-thiazol-4(5H) -one. 

(5Z)-2-[(2,6-dichlorophenyD amino] -S-Cil- [2-(4-morpholinyl)ethyl] - lH-benzimidazol-6 
10 -yl>methyMene)-l,3-thiazol-4(5H) -one J 

(5Z) -2 - [(2-chloro-4-fluorophenyDamino] - 5-({l- [2-(4-morpholinyDethyl] - IH-benzimida 

zol-6-yl}methyHdene)-l,3-thiazol-4(5H) ■one? 

(5Z)-2-[(2-chlorophenyl)amino]-5-({l-[2-(dimethylamino)ethyl]-lH-benzm^ 
}methylidene) -1,3 -thiazol-4(5H) -one ; 
15 (5Z) -2- [(2,6-dichlorophenyl)amino] -5-({l- [2- (dimethylamino)ethyl] - IH-benzimidazoP 
6Tl}niethyHdene)-l,3-thiazol-4(5H) 'one, 

(5Z) -2- [(2, 4-difluorophenyOamino] - 5 - ({l - [2-(dimethylamino)ethyl] - IH-benzimidazol- 
6-yl}methylidene)-l,3-thiazol-4(5H)-one; 

(5Z)-5"({l-[2-(dimethylamino)ethyl]-lH-benzimidazol-6-yl}methyMene)-2-(phenyla^ 
20 ino)-l,3-tliiazol-4(5lD-one; 

(5Z)-2"[(2-cMorophenyI)amino]-5-({l-[2-(diethylainino)ethyl]aH-benzimM 
methylidene)- l,3"thiazol-4(5H)-one; 

(5Z)-2-[(2,6"dichloropheny])amino]-5-({l-[2Kdiethylamino)ethyl]aH-^ 
y]}methyUdene)- l,3-thiazol-4(5H) -one; 
25 (5Z) -2- [(2-chlorophenyl)amino] -5- ({l- [3-(4-morpholinyDpropyl] ■ lH-benzimidazol-6-yl 
}methy]idene)-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-dLchlorophenyl)amino]-5-({l-[3-(4-moii)bolinyOpropyU 

6-yl}methylidene) - 1, 3-thiazol-4(5H) -one; 

(5Z)-2-[(2-cMorophenyl)amino]-5-({l-[3-(4-methyl-l-piperazinyl)propyl]aH-benzm^ 
30 azol-6-yl}methylidene)- l,3-thiazol-4(5H)-one; 

(5Z)-2" [(2,6-dichlorophenyl)amino] -5-({l-[3-(4-methyl- l-piperazinyl)propyl]aH-^ 
midazol-6-yl}methylidene)-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-chlorophenyl)amino]-5-({l-[2-(l"pyrroMinyl)ethyl]-lH-benzimidazol-6-ytt 
methy]idene)"l,3-thiazol-4(5H)-one; 

35 (5Z)-2-[(2,6-dichlorophenyl)ammo]-5-({l-[2-(l-pyrrolidinyOethylJ-lH-benzim^ 
yl}methylidene) - 1 , 3-thiazol-4(5H) -one ; 

(5Z) -2- [(2-chlorophenyl)amino] - 5- ({l - [2 - (l -piperidinyDethyl] - lH-benzimidazol-6-yl}m 
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ethylidene) - 1 ,3-thiazol-4(5H) -one; 

(5Z)-2-[(2,6-dicMorophenyl)ainino]-5-({l-[2-(l-piperidinyl)et^^ 
yl}methylidene)-l,3-thiazol-4(5H)-one; 

(5Z) -2- [(2,6-difluorophenyl)amino] " 5-({l- [2- (l-piperidinyOethyll- 
5 Omethylidene)- l,3-tMazol-4(5H)"one; 

(5Z) -2- [(2-Chlorophenyl)amino] -5- ({1 ■ [2- (dimethylamino)ethyl] -2-inethyl" IH-benzimi 
dazol-6-yl}methylidene)-l,3-tliiazol-4(5H)-one," 
(5Z)-2-[(2,6-dichlorophenyl)amino]-5-({l-[2"(dimethylainino)et^^ 
imidazol-6-yl}methylidene)-l,3-thiazol-4(5H)-one; 
10 (5Z)-2-[(2,4-difluorophenyl)amino]-5-({l-[2-(dimethyla3mn 
imidazol- 6 "yl}me thylidene) - 1 , 3 - thiazol- 4(5H) - one ; 
(5Z)-5-({l-[2-(dimethylamino)ethyl]-2-methyl-lH-benzimidazol"6T^^ 
phenylaniino)-l,3-thiazol-4(5H)-one; 

(5Z) -2- [(2,6-dichlorophenyl)amino] -5-{[l"(2-hydroxyethyl)"2-methyl- IH-be^^ 
15 -6-yl]niethylidene}" l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-cMorophenyl)amino]-5-({2-methyl-l-[2-(l-piperidinyl)ethyl]-^ 
zol-6"yl}metliylidene)-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-dichlorophenyl)ammo]-5-({2-methyia42-(l-piperidinyD 
raidazol-6"yl}metliylidene) -1,3 "thiazol"4(5H) -one; 
20 (5Z)-2-[(2,6-dmuorophenyl)amino]"5-({2-methyl-l-[2-(lTiperidin^^ 
idazol-6-yl}inethylidene)-l,3"thiazol-4(5H)-one; 

(5Z)-2"[(2-chlorophenyl)amino]-5-[(l-methyh2-{[2-(4-morpholmyl)eth^ 
enzimidazol-6-yl)methylidene] ■ l,3"tliiazol-4(5H)-one; 

(5Z)-2- [(2,6-dicMorophenyl)ammo]-5- [(l-methyl-2-{[2-(4"morpho]^ 1 
25 H-benzinudazol-6-yl)methylidene]- l,3-thiazol-4(5H)-one; 

(5Z)-2- [(2,4-difluorophenyDamino] -5- [(l-niethyl-2-{[2-(4-morpho]inyl)ethyl]araino}- 1 

H-benzinaidazol-6-yl)inethylidene]-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-cMorophenyl)amino]-5-[(2-{[2-(dimethylamino)ethy]]amino}-l-m 

benzimidazol-6-yl)methyIidene] - 1, 3-tliiazol-4(5H)-one; 
30 (5Z)-2-[(2-chlorophenyl)amino]-5-({2-[(2-hydroxyethyl)amino]-l-methyl-lH-^ 

azoI-6-yl}methylidene)-l,3-thiazol-4(5H)-one; 

(5Z)-2"[(2"chlorophenyl)amino]-5"{[l-methyl-2-(4-morpholinylmethyO"lH 
zol-6-yl]methylidene}-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-dichlorophenyl)amino]-5-{[l-methyl-2-(4-morphoUnylmet^ 
35 idazol-6-yl]methylidene}-l,3"thiazol-4(5H)-one; 

(5Z) -2- [(2-chlorophenyl)ainino] -5- ({l-methyl-2- [(4-methyM-piperaziny])methyl] - IH- 
benzimidazol-6-yl}methylidene)-l,3-thiazol-4(5H)-one; 
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(5Z) -2~ [(2,6-diGhlorophenyl) amino] - 5- ({l ■methyl-2 - [(4-inethyl- 1 -piperazinyDmethyl] - 
lH-benzimida20l-6TlWtliylidene)-l,3-thiazol-4(5H)-one; 
(5Z)-2-[(2-Chlorophenyl)-ammo]-5-{[l-methyl"2-(tri£luorometh^ 
-yl] -methylidene}- l,3-thiazol-4(5H)-one; 
5 (5Z)-2-[(2,6-dichlorophenyl)amino]-5-{[l-methyl-2-(trifluorom 
-6-yl]methylidene}-l,3-thiazol-4(5H)-one; 
(5Z)-2-[(2,6-dichlorophenyl)amino]-5-{[l-[2-(dimethylamm^^ 
)-lH-benzimidazol-6TUinethylidene}'*l,3-thiazol-4(5B0-one; 
(5Z)-2-[(2-cmoropheny0amino]-5-{[2-(l4-dimethylethyO-l-methy^ 
10 6-yl]methylidene}-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2,6-dichlorophenyOammo]-5-{[2-(l4-dimeth^ 
zol-6TllMiethyMene}-l,3-thiazol-4(5H)-one; 

(5Z)-2-[(2-CMorophenyl)amino]-5-[(l-methyl"lH-l,2,3-benzotriazol^ 

1- l,3-thiazol-4(5H)-one; 

15 (5Z)-2-[(2,6-dicHorophenyl)ammol-5"[(l-methyl-lH-l,2,3-benzota^^ 

ene] - l,3-thiazol-4(5H) -one; 

(5Z)-2-[(2xUoropheny])amino]-5-({l-[2-(dimethylamino)ethyl]-lHa,2,3-ben^^ 
-6-yl}methylidene)- l,3-thiazol-4(5H) -one; 

(5Z)"2-[(2,6"dichlorophenyl)ammo]-5-({l-[2-(dimethylamino)ethyl]-l^ 
20 azol-6-yl}3^ethylidene)- l,3-thiazol-4(5H)-one; 

2- (2,6-Dichloro-phenyliinino)-5-(2-methyl-benzooxazol-6-yl-methylene)-tW 

one; 

2K2,6-Difluoro-phenyliimno)-5-(2"methyl-benzooxazol-6T^i3aethylene^ 
one; 

26 2-(2-Fluoro-phenylimino)-5-(2-methyl-benzooxazol-6T^methylene)-t^ 

2K2-Chloro-phenyUmino)-5"(2-methyl-benzooxazol-6Tlmethylene)-tWazoMin-4-^ 
2-(2-Tri£luromethyl-phenylimino)-5-(2-methyl"benzooxazol-6-ylniethy 

n-4-one; 

30 2-(2,4-Difluoro-phenylimino)-5-(2"metbyl-benzooxazol-6-ylmethylene)-^^ 
one; 

2-(2,5-DicUoro'phenylimino)-5-(2-methyl-benzooxazol-6-ylpieth^^^ 

one; 

2-(2,4-Dimethyl-phenylimino)-5"(2-methyl-benzooxazol"6-ylmet^^ 
35 -one; 

2-(4-Cyano-phenylinuno)-5-(2-methyl-benzooxazol-6-ylmethylene)-thiazolidin-4-one; 
4-[5-(2-Methyl-benzooxazol-6Tli3iethylene)-4-oxo-thiazolidin"2-ylideneanuno]-benzoi 

15 
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c acid; 

2 ■ (2 ,4-Dichloro-phenylimino) - 5 - (2-methyl"benzooxazol-6 -ylmethylene) - thiazolidin- 4- 
one?* 

2-(2,5-Difluoro-phenylimino)-5-(2-methyl"benzooxazol-6Tlniethylene)-t^ 
5 one> 

5-(2-Methyl-benzooxazol"6-ylmethylene)-2-phenylimino-thiazoKd^ 
5-(2-Methyl-benzooxazol-6-ylmethylene)-2-(2"piperidm"lTl"ethyli^ 

4- one; 

2- (2-Methoxy-ethylimino)-5-(2-methyl-benzooxazol-6Tlniethylene)-^ 
10 ; 

5- (2-Methyl"benzooxazol-6Tlniethylene)-2-(3-morpholin-4Tl"Propyl^ 
ii-4-one; 

3- [5-(2-Methyl-benzooxazol-6Tlmethylene)-4-oxo-thiazoMin-2-yMeneai^ 
nesulfonamide; 

15 2-(4-Hydroxy-butyHiiiino)-5-(2-methyl-benzooxazol-6Tli^ethylene)-t^^ 

9 

2-(trans-4-Hydroxy-cyclohexyUmino)"5-(2-methyl-benzooxazol"6Tl»aethy^^ 
lidin-4-one; 

5-(2-Methyl-benzooxazol-6-ylmethylene)-2-phenethyUmino-tMazolidm 
20 4-{2-[5-(2-Methyl-benzooxazol-6Tbnethylene)"4-oxo-thiazoUdin-2Tlide 
yl}-benzenesulfonamide; 

2-(2-Benzo[l,3]dioxol-5Tl"ethyUmino)-5-(2-methyl-benzooxazob6-ylm 
oKdin-4-one>' 

2- (4-Chloro-phenylimino)-5-(2-methyl-benzooxazol-6-ylmethylene)-t^ 
25 5-(2-Methyl-benzooxazol-6-ybnethylene)-2-(pyridin-3-ylim 

3- [5-(2-Methyl-benzooxazol-6Tlmethylene)-4-oxo-thiazoMin-2Tlid^ 
xnide; 

2-(2-Hydroxy-ethyUmmo)-5-(2-methyl-benzooxazol-6Tlinethylene)-^ 

2-(l-Hydroxymethyl-2"phenyl-ethyliimno)-5-(2-m 

30 hiazolidin-4-one; 

N-{6-[2-(2-Bromo-phenylimino)-4-oxo"thiazoUdin-5-yUdenemeth^ 

l-2-yl}-2-dimethylamino-acetaimde; 

Methyl (5-{(Z)- [2- [(2-bromophenyl)aniino] "4-oxo- l,3-thiazoI-5(4H)-ylidene] 
methyl}-lH-beiizimidazol-2"yl)carbamate; 

35 

(5^-2- [(2-chlorophenyl)amino]-5-{[l-(3,3"dimethylbutyl)- IJy-b^ 

16 
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methylidene} - 1 , 3 - thiazol- 4(5^ - one; 

(5^"2-[(2,6-dichlorophenyl)amino]"5-{[l-(3,3-dimethylbutyl) 
. yl]methylidene}-l,3-thiazol-4(5^-one, trifluoroacetate salt; 
(5^-5-{[l-(2-cyclopropylethyO"li?benzimidazol-6TUniBtbyK^ 
5 ophenyl)amino] " 1, 3-thiazol"4(5^-one; 

(5^-5-{[l-(2-cyclohexylethyO-l^-benzimidazol-6Tl]methyliden^ 
phenyl)amino]-l,3-th.iazol-4(5j^-one, trifluoroacetate salt; 

(2Z, 5^-2- [(2,6-dichlorophenyl)imino] -5- [(2-phenyl- l^-benzimidazol"6"yl)methyli 
dene]-l,3"thiazolidin-4-one, piperidine salt; 
10 (5^-2-[(2"chlorophenyl)amino]-5-{[l-(2-cyclopropylethy0-li¥benzi^^ 
methylidene}- l,3-thiazol-4(5H)-one; 

(5-0)-5-{[l-(2xyclopropyletliyl)"l^-benzimidazol-6"yl]methyKdene}-2-[(2,^ 
ophenyl) amino] ■ 1 , 3- thiazol- 4(5i^ - one; 

(2^,5^ -2- [(2,6-dichlorophenyl)imino] - 5-{[2- (l-methylethyl)- l^-benzimidazol-6-yl 
15 Imethylidene}- l,3-thiazolidin-4-one; 

(2^5^-2-[(2,6-dichlorophenyl)imino]-5-{[2-(2-methylpropy0-ljffbenzimidazol-6- 
ylJmethylidene}-l,3"thiazolidin-4-one, piperidine salt; 

(2^5^-24(2,6-dichlorophenyl)imino]-5-{[2-(3Tyridinyl)-liy-benziniidazol-^ 
ethylidene}- l,3-thiazolidin-4 one; 
20 (2Z, 5^ -2 - [(2, 6 - dichlorop henyDimino] ■ 5- {[2- (hydroxymethyl) - liS^benzimidazol- 5- 
yl] methylidene] - 1, 3-thiazolidin-4-one; 

(2>^5^-2-[(2,6-dichlorophenyl)iniino]-5''{[2"(2"hydroxyethyl)-li¥benzim^ 
yl]methylidene}-l,3-thiazolidin-4-one; 

(2^,5^-2'[(2,6-dichlorophenyl)imino]-5'{[2-(2-pyridinyl)-l^benzimidazol-6-yU 
25 ethylidene}- 1, 3-thiazolidin"4-one; 

(5-^-5-{[l<2-cyclopentylethy0- l^-benzimidazol-6TUmethyHdene}-2- [(2,6-d^^ 
ophenyl) amino]- l,3-thiazol-4(5ij)-one; 

(5-^-2-[(2-cMorophenyl)amino]-5-{[l-(2-cyclopentylethyl)"l-ffbenzimidazol-6-yD 
methylidene}- l,3-thiazol-4(5^-one; 
30 (2Z, 5^-2- [(2,6"dichlorophenyl)imino] -5- [(2-methyl- l^-benzimidazol-6-yl)methyH 

dene]- l,3"thiazolidin-4-one; 

(2-^5^-2'-[(2,6-dichlorophenyl)imino]-5-{[2-(4-pyridinyl)-l-ffbenzimidazol-5-yl]m 
ethylidene}- 1, 3-thiazolidin-4-one; 

(2^5^-5-{[l-(2-cyclopropylethyl)-2-(3-pyridinyl)-li/"-benzimidazol-6-yl]methylid 
35 ene}-2-[(2,6-dichlorophenyl)imino]-l,3-thiazolidin-4-one; 

(2-^5^-2-[(2,6-dichlorophenyl)imino]-5-{[l-methyl-2-(3-pyridinyl)-lJ5r-benzimida 
zol-5-yLlmethylidene}-l,3-thiazolidin-4-one; 
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{2Z, 5^ - 5-{[2- (aminomethyl) - liJ-benzimidazol- 5-yl3methylidene}- 2- [(2,6-dichloro 
pheiiyl)imino]-l,3-thiazolidin"4-one; 

(2^5^-5-(lJy-benzimidazol-5Tlmethylidene)-2-[(2,6-dichloroph^ 

hiazolidin-4-onej' 
6 (2^5-^-24(2,6"dichlorophenyl)imino]-5-{[2-(hydroxymeth^ 
midazol-6-yl]methylidene}-l,3-thiazolidin-4-one; 
(5^ -2- [(2,6-dichlorophenyl)amino] ■5-({l- [2-(3-pyridinyl)ethyU 
6-yl}inethylidene)- 1, 3-thiazol-4(5^-one; 

(5^-5-{[l-(cyclopropylmethyO-l^-benzimidazol'6Tl]methyMene}-2-^ 
10 ophenyOamino]- l,3-thiazol-4(5^-one; 

(5-^-5-[(lxyclopentyl-ljffbenzimidazol-6-yl)methyMene]-2-[(2,6-^^^ 
amino]- l,3-thiazol-4(5^-one; and 

(5^-5-(l,3-Benzoxazol-6-ylmethyUdene)"2-[(2,6-dichlorophenyl)anuno]-l,3-tl^ 
ol-4(5jH?-one) 

15 and/or a pharmaceutically acceptable salt, hydrate, solvate or pro-drug thereof. 

Compounds of Formula (I) are included in the pharmaceutical compositions of the invention 
and used in the methods of the invention. 

20 By the term "aryl" as used herein, unless otherwise defined, is meant a cyclic or polycycUc 
aromatic ring containing from 1 to 14 carbon atoms and optionally containing from one to five 
heteroatoms, provided that when the number of carbon atoms is 1 the aromatic ring contains at 
least four heteroatoms, when the number of carbon atoms is 2 the aromatic ring contains at 
least three heteroatoms, when the number of carbons is 3 the aromatic ring contains at least 

25 two heteroatoms and when the number of carbon atoms is 4 the aromatic ring contains at least 
one heteroatom. 

By the term ''Ci-Cyi^xyV as used herein, unless otherwise defined, is meant phenyl, 
naphthalene, 3,4-methyIenedioxyphenyl, pyridine, biphenyl, quinoline, pyrimidine, 
30 quinazoline, thiophene, furan, pyrrole, pyrazole, imidazole, tetrazole, 4-fluorophenyl and 
thiazolyl- 

By the term "substituted" as used herein, unless otherwise defined, is meant that the subject 
chemical moiety has one or more substituents selected from the group consisting of: 

35 -CO2R2O; Ci.i2aryl; -C(0)NHS(0)2R20; -NHS(0)2R20; hydroxyalkyl; alkoxy; 
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-C(0)NR21r22. =C(NH2)2; -C(=0)alkyl; -C(=0)aiyl; acyloxy; alkyi optionally substituted 
with from one to three substituents independently selected from -S(0)2R20, -NHS(0)2R20, 

-NHC(-0)R21, -NHC(=0)NR21r22^ -NHC(=0)0R21 and -N=CHNMe2; C3 -ucycloalkyl 

optionally substituted with from one to three substituents independently selected from alkyl; 
aryloxy; amino; dialkylamino; N-acylamino; -NHC(=0)R21; 3,4-methylenedioxyphenyl; 

piperidin; morpholin; piperazin; alkylpiperazin; hydroxyl; -(CH2)gC(0)OR8, ~S(0)vR^; 

nitro; tetrazole; cyano; 0x0; halogen; trifluoromethyl; -NHC(=0)N r21r22 g^d 
-NHC(=0)0R21 ; where g is 0-6; R^ is hydrogen, amino or alkyl; r20 is selected from 
hydrogen, Ci-C4alkyl optionally substituted with one or two substituents independently 

selected from Ci_i2^^1^' C 1.12^^1 trifluoromethyl; and r21 and r22 are independently 

selected from hydrogen, aryl, Cs-ncycloalkyl, trifluoromethyl, and Ci-C4alkyl optionally 
substituted with from one to three substituents independently selected from methoxy, 
dialkylamino, amino, cycloalkyl, Ci^i2aryl, hydroxy, -C02Et and -CO2H; and v is 0-2. 

By the term "alkoxy" as used herein is meant -Oalkyl where alkyl is as described herein 
including -OCH3 and -OC(CH3)2CH3. 

The term "cycloalkyl" and "Cs-ncycloalkyl", and derivatives thereof, as used herein unless 
otherwise defined, is meant a nonaromatic, unsaturated or saturated, cyclic or polycyclic 
C3-C12, optionally containing form 1 to 3 heteroatoms. 

Examples of cycloalkyl and substituted cycloalkyl substituents as used herein include: 
cyclohexyl, 4-hydroxy-cyclohexyl, piperidin, morpholin, piperazin, 2-ethylcyclohexyl, 
propyl 4-methoxycyclohexyl, 4-methoxycyclohexyl, 4-carboxycyclohexyl, cyclopropyl and 
cyclopentyl. 

By the term "acyloxy" as used herein is meant -OC(0)alkyl where alkyl is as described herein. 
Examples of acyloxy substituents as used herein include: -0C(0)CH3, -OC(0)CH(CH3)2 
and -OC(0)(CH2)3CH3. 

By the term "N-acylamino" as used herein is meant -N(H)C(0)alkyl, where alkyl is as 
described herein. Examples of N-acylamino substituents as used herein include: 

19 
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-N(H)C(0)CH3, -N(H)C(0)CH(CH3)2 and -N(H)C(0)(CH2)3CH3. 

By the term "heteroatom" as used herein is meant oxygen, nitrogen or sulfur. 

5 By the term "halogen" as used herein is meant a substituent selected from bromide, iodide, 
chloride and fluoride. 

By the temi "alkyl" and derivatives thereof and in all carbon chains as used herein is meant a 
linear or branched, saturated or unsaturated hydrocarbon chain, and unless otherwise defined, 
10 the carbon chain will contain from 1 to 12 carbon atoms. Examples of alkyl substituents as 
used herein include: -CH3, -CH2-CH3, -CH2-CH2-CH3, -CH(CH3)2, -C(CH3)3, 
-(CH2)2C(CH3)3, -(CH2)2CH(CH3)2, -(CH2)3-CH3, 
•CH2-CH(CH3)2, -CH(CH3)-CH2-CH3, -CH=CH2, -C=C-CH3. 

15 By the term "treating" and derivatives thereof as used herein, is meant prophylatic and 
therapeutic therapy. 

Compounds of Formula (I) are included in the pharmaceutical compositions of the invention 
and used in the methods of the invention. Where a -COOH or -OH group is present, 
20 pharmaceutically acceptable esters can be employed, for example methyl, ethyl, 

pivaloyloxymethyl, and the like for -COOH, and acetate maleate and the like for -OH, and 
those esters known in the art for modifying solubility or hydrolysis characteristics, for use as 
sustained release or prodrug formulations. 

25 The treatment of anemia in its various forms, as described herein, is accomplished by 
increasing the production of red blood cells, and/or hemoglobin, and/or hematocrit. 

As used herein, the term "effective amount" means that amount of a drug or pharmaceutical 
agent that will elicit the biological or medical response of a tissue, system, animal or human 

30 that is being sought, for instance, by a researcher or clinician. Furthermore, the term 

'^therapeutically effective amount" means any amount which, as compared to a corresponding 
subject who has not received such amount, results in improved treatment, healing, prevention, 
or amelioration of a disease, disorder, or side effect, or a decrease in the rate of advancement 
of a disease or disorder. The term also includes within its scope amounts effective to enhance 

35 normal physiological function. 

Because the pharmaceutically active compounds of the present invention are hYAK3 
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inhibiting compounds they exhibit therapeutic utility in treating anemia and other conditions 
with depressed red blood cell production. 

By the term "anemia" and derivatives thereof as used herein is to be broadly interpreted as any 
5 decrease in the number of red blood cells below what is considered normal or desired for a 
healthy individual. Anemia is known to have many causative factors, including but not 
limited to, renal insufficiency, chronic disease, such as autoimmunity, HIV, cancer, 
drug-induced anemias, myelodysplastic syndrome, aplastic anemia, myelosuppression, and 
cytopenia. The pharmaceutically active compounds of this invention are useful in treating 
10 anemia regardless of the factor or factors causing the condition. The pharmaceutically active 
compounds of this invention are also useful in treating anemia when the causative factor or 
factors of the condition are unknown or have yet to be identified. 

Optimal dosages to be administered may be readily determined by those skilled in the art, and 
15 will vary with the particular hYAK3 inhibiting compound in use, the strength of the 

preparation, the mode of administration, and the advancement of the disease condition. 
Additional factors depending on the particular patient being treated will result in a need to 
adjust dosages, including patient age, weight, diet, and time of administration. 

20 Prophylactic use of the compounds of this invention is contemplated whenever a decrease in 
blood or blood cells is anticipated. Prophylactic use of the compounds of this invention 
results in a build up of red blood cells or a commencement of red blood cell production prior to 
an anticipated loss of blood or blood cells. Prophylactic uses of the compounds of this 
invention includes but is not limited to transplant surgery, surgery, anesthesia prior to child 

25 birth and gut protection. 

As used herein, the term "optionally" means that the subsequently described event(s) may or 
may not occur, and includes both event(s), which occur, and events that do not occur. 

" -^^^ " 

30 As used herein, the crisscrossed double bond indicated by the symbol denotes Z 

and/or E stereochemistry around the double bond. In other words a compound of formula I 
can be either in the Z or E stereochemistry around this double bond, or a compound of formula 
I can also be in a mixture of Z and E stereochemistry around the double bond. However, in 
formula I, the preferred compounds have Z stereochemistry around the double bond to which 

35 radical Q is attached. 
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A compound of formula I naturally may exist in one tautomeric form or in a mixture of 
tautomeric forms. For example, for sake simplicity, a compound of formula I is expressed in 
one tautomeric form, usually as an exo form, i.e. 




Exo form 

5 However, a person of ordinary skill can readily appreciate the compounds of formula I can 
also exist in endo forms. 




Endo form 

The present invention contemplates all possible tautomeric forms. 



10 Certain compounds described herein may contain one or more chiral atoms, or may otherwise 
be capable of existing as two enantiomers, or two or more diastereoisomers. Accordingly, the 
compounds of this invention include mixtures of enantiomers/diastereoisomers as well as 
purified enantiomers/diastereoisomers or enantiomerically/diastereoisomerically enriched 
mixtures. Also included within the scope of the invention are the individual isomers of the 

15 compounds represented by Formula I above as well as any wholly or partially equilibrated 
mixtures thereof. The present invention also covers the individual isomers of the compounds 
represented by the formulas above as mixtures with isomers thereof in which one or more 
chiral centers are inverted. Also, as stated above, it is understood that all tautomers and 
mixtures of tautomers are included within the scope of the compounds of Formula I. 

20 

While it is possible that, for use in therapy, therapeutically effective amounts of a compound 
of Formula I, as well as pharmaceutically acceptable salts, hydrates, solvates and pro-drugs 
thereof, may be administered as the raw chemical, it is possible to present the active ingredient 
as a pharmaceutical composition. Accordingly, the invention further provides pharmaceutical 
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compositions (otherwise referred to as pharmaceutical formulations), which include 
therapeutically effective amounts of compounds of the Formula I and pharmaceutically 
acceptable salts, hydrates, solvates and pro-drugs thereof, and one or more pharmaceutically 
acceptable carriers, diluents, or excipients. The carrier(s), diluent(s) or excipient(s) must be 
5 acceptable in the sense of being compatible with the oliier ingredients of the formulation and 
not deleterious to the recipient thereof In accordance with another aspect of the invention 
there is also provided a process for the preparation of a pharmaceutical formulation including 
admixing a compound of the Formula I, or a pharmaceutically acceptable salt, hydrate, solvate 
or pro-drug thereof, with one or. more pharmaceutically acceptable carriers, diluents or 
10 excipients. 

Pharmaceutical formulations may be presented in unit dose forms containing a predetermined 
amount of active ingredient per unit dose. Such a unit may contain, for example, 0.5mg to 1 g, 
suitably Img to 700mg, suitably 5mg to lOOmg of a compound of the Formula I, depending on 

15 the condition being treated, the route of administration and the age, weight and condition of 
the patient, or pharmaceutical formulations may be presented in unit dose forms containing a 
predetermined amount of active ingredient per unit dose. Preferred unit dosage formulations 
are those containing a daily dose or sub-dose, as herein above recited, or an appropriate 
fraction thereof, of an active ingredient. Furthermore, such pharmaceutical formulations may 

20 be prepared by any of the methods well known in the pharmacy art. 

Pharmaceutical formulations may be adapted for administration by any appropriate route, for 
example by the oral (including buccal or sublingual), rectal, nasal, topical (including buccal, 
sublingual or transdermal), vs^inal or parenteral (including subcutaneous, intramuscular, 
25 intravenous or intradermal) route. Such formulations may be prepared by any method known 
in the art of pharmacy, for example by bringing into association the active ingredient wdth the 
carrier(s) or excipient(s). 

Pharmaceutical formulations adapted for oral administration may be presented as discrete 
30 units such as capsules or tablets; powders or granules; solutions or suspensions in aqueous or 
non-aqueous liquids; edible foams or whips; or oil-in-water liquid emulsions or water-in-oil 
liquid emulsions. 

For instance, for oral administration in the form of a tablet or capsule, the active drug 
35 component can be combined with an oral, non-toxic pharmaceutically acceptable inert carrier 
such as ethanol, glycerol, water and the like. Powders are prepared by comminuting the 
compound to a suitable fine size and mixing with a similarly comminuted pharmaceutical 
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carrier such as an edible carbohydrate, as, for example, starch or mannitol. Flavoring, 
preservative, dispersing and coloring agent can also be present. 

Capsules are made by preparing a powder mixture, as described above, and filling formed 
5 gelatin sheaths. Glidants and lubricants such as colloidal silica, talc, magnesium stearate, 
calcium stearate or solid polyethylene glycol can be added to the powder mixture before the 
filling operation. A disintegrating or solubilizing agent such as agar-agar, calcium carbonate 
or sodium carbonate can also be added to improve the availability of the medicament when the 
capsule is ingested. 

10 

Moreover, when desired or necessary, suitable binders, lubricants, disintegrating agents and 
coloring agents can also be incorporated into the mixture. Suitable binders include starch, 
gelatin, natural sugars such as glucose or beta-lactose, com sweeteners, natural and synthetic 
gums such as acacia, tragacanth or sodium alginate, carboxymethylcellulose, polyethylene 

15 glycol, waxes and the like. Lubricants used in these dosage forms include sodium oleate, 

sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and 
the like. Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite, 
xanthan gum and the like. Tablets are formulated, for example, by preparing a powder 
mixture, granulating or slugging, adding a lubricant and disintegrant and pressing into tablets. 

20 A powder mixture is prepared by mixing the compound, suitably comminuted, with a diluent 
or base as described above, and optionally, with a binder such as carboxymethylcellulose, an 
aliginate, gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin, a resorption 
accelerator such as a quaternary salt and/or an absorption agent such as bentonite, kaolin or 
dicalcium phosphate. The powder mixture can be granulated by wetting with a binder such as 

25 syrup, starch paste, acadia mucilage or solutions of cellulosic or polymeric materials and 
forcing through a screen. As an alternative to granulating, the powder mixture can be run 
through the tablet machine and the result is imperfectly formed slugs broken into granules. 
The granules can be lubricated to prevent sticking to the tablet forming dies by means of the 
addition of stearic acid, a stearate salt, talc or mineral oil. The lubricated mixture is then 

30 compressed into tablets. The compounds of the present invention can also be combined with a 
free flowing inert carrier and compressed into tablets directly without going through the 
granulating or slugging steps. A clear or opaque protective coating consisting of a sealing coat 
of shellac, a coating of sugar or polymeric material and a polish coating of wax can be 
provided. Dyestuffs can be added to these coatings to distinguish different unit dosages. 

35 

Oral fluids such as solution, syrups and elixirs can be prepared in dosage unit form so that a 
given quantity contains a predetermined amount of the compound. Syrups can be prepared by 
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dissolving the compound in a suitably flavored aqueous solution, while elixirs are prepared 
through the use of a non-toxic alcoholic vehicle. Suspensions can be formulated by dispersing 
the compound in a non-toxic vehicle. Solubilizers and emulsifiers such as ethoxylated 
isosteaiyl alcohols and polyoxy ethylene sorbitol ethers, preservatives, flavor additive such as 
5 peppermint oil or natural sweeteners or saccharin or other artificial sweeteners, and the like 
can also be added. 



Where appropriate, dosage unit formulations for oral administration can be 
microencapsulated. The formulation can also be prepared to prolong or sustain the release as 
10 for example by coating or embedding particulate material in polymers, wax or the like. 

The compounds of Formula I, and pharmaceutically acceptable salts, hydrates, solvates and 
pro-drugs thereof, can also be administered in the form of liposome delivery systems, such as 
small unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles. Liposomes 
15 can be formed from a variety of phospholipids, such as cholesterol, stearylamine or 
phosphatidylcholines. 

The compounds of Formula I, and pharmaceutically acceptable salts, hydrates, solvates and 
pro-drugs thereof may also be delivered by the use of monoclonal antibodies as individual 

20 carriers to which the compound molecules are coupled. The compounds may also be coupled 
with soluble polymers as targetable drug carriers. Such polymers can include 
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide -phenol, 
polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted with 
palmitoyl residues. Furthermore, the compounds may be coupled to a class of biodegradable 

25 polymers useful in achieving controlled release of a drug, for example, polylactic acid, 
polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters, polyacetals, 
polydihydropyrans, polycyanoacrylates and cross-linked or amphipathic block copolymers of 
hydrogels. 

30 Pharmaceutical formulations adapted for transdermal administration may be presented as 

discrete patches intended to remain in intimate contact with the epidermis of the recipient for a 
prolonged period of time. For example, the active ingredient may be delivered from the patch 
by iontophoresis as generally described in Pharmaceutical Research, 3(6), 318 (1986). 

35 Pharmaceutical formulations adapted for topical administration may be formulated as 

ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays, aerosols or 
oils. 
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For treatments of the eye or other external tissues, for example mouth and skin, the 
formulations are preferably applied as a topical ointment or cream. When formulated in an 
ointment, the active ingredient may be employed with either a paraffinic or a water-miscible 
5 oititment base. Alternatively, the active ingredient may be formulated in a cream with an 
oil-in-water cream base or a water-in-oil base. 

Pharmaceutical formulations adapted for topical administrations to the eye include eye drops 
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an 
10 aqueous solvent. 

Pharmaceutical formulations adapted for topical administration in the mouth include lozenges, 
pastilles and mouth washes. 

15 Pharmaceutical formulations adapted for rectal administration may be presented as 
suppositories or as enemas. 

Pharmaceutical formulations adapted for nasal administration wherein the carrier is a solid 
include a coarse powder having a particle size for example in the range 20 to 500 microns 
20 which is administered in the manner in which snuff is taken, i.e. by rapid inhalation through 
the nasal passage from a container of the powder held close up to the nose. Suitable 
formulations wherein tiie carrier is a liquid, for administration as a nasal spray or as nasal 
drops, include aqueous or oil solutions of the active ingredient 

25 Pharmaceutical formulations adapted for administration by inhalation include fine particle 
dusts or mists, which may be generated by means of various types of metered, dose 
pressurised aerosols, nebulizers or insufflators. 

Pharmaceutical formulations adapted for vaginal administration may be presented as pessaries, 
30 tampons, creams, gels, pastes, foams or spray formulations. 

Pharmaceutical formulations adapted for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats 
and solutes which render the formulation isotonic with the blood of the intended recipient; and 
35 aqueous and non-aqueous sterile suspensions which may include suspending agents and 

thickening agents. The formulations may be presented in unit-dose or multi-dose containers, 
for example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) 
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condition requiring only the addition of the sterile liquid carrier, for example water for 
injections, immediately prior to use. Extemporaneous injection solutions and suspensions 
may be prepared from sterile powders, granules and tablets. 

5 It should be understood that in addition to the ingredients particularly mentioned above, the 
formulations may include other agents conventional in the art having regard to the type of 
formulation in question, for example those suitable for oral administration may include 
flavouring agents. 

10 A therapeutically effective amount of a compound of the present invention will depend upon a 
number of factors including, for example, the age and weight of the animal, the precise 
condition requiring treatment and its severity, the nature of the formulation, and the route of 
administration, and will ultimately be at the discretion of the attendant physician or 
veterinarian. However, an effective amount of a compound of Formula I for the treatment of 

15 or prevention of diseases of the erythroid and hematopoietic systems, caused by hYAK3 
imbalance or inappropriate activity including, but not limited to, neutropenia; cytopenia; 
anemias, including anemias due to renal insufficiency or to a chronic disease, such as 
autoimmunity, HIV or cancer, and drug-induced anemias; and myelosuppression will 
generally be in the range of 0.1 to 100 mg/kg body weight of recipient (mammal) per day and 

20 more usually in the range of 1 to 10 mg/kg body weight per day. When treating a human 
patient in need of increased red blood cell count, the selected dose is administered preferably 
from 1-6 times daily, orally or parenterally. Preferred forms of parenteral administration 
include topically, rectally, transdermally, by injection and continuously by infusion. Oral 
dosage units for human administration preferably contain from 0,05 to 3500 mg of active 

25 compound. Oral administration, which uses lower dosages is preferred. Parenteral 
administration, at high dosages, however, also can be used when safe and convenient for the 
patient. It is envisaged that similar dosages would be appropriate for treatment of the other 
conditions referred to above. 

30 By the term "co-administering" and derivatives thereof as used herein is meant either 

simultaneous administration or any manner of separate sequential administration of a hYAK3 
inhibiting compound, as described herein, and a further active ingredient or ingredients, 
known to treat anemia, including chemotherapy-induced anemia and bone marrow 
transplantation and other conditions with depressed red blood cell production. The term 

35 further active ingredient or ingredients, as used herein, includes EPO, EPO derivatives, any 
compound or therapeutic agent known to or that demonstrates advantageous properties when 
administered with hYAK3 inhibiting compound. Preferably, if the administration is not 
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simultaneous, the compounds are administered in a close time proximity to each other. 
Furthermore, it does not matter if the compounds are administered in iJie same dosage form, 
e.g. one compound may be administered topically and another compound may be 
administered orally. 

5 

Examples of a further active ingredient or ingredients for use in combination with the 
presently invented hYAK3 inhibiting compounds include but are not limited to: EPO and 
therapeutic agents that increase red blood cell count, and/or hemoglobin, and/or hematocrit. 

10 Method of Preparation 

Compounds of general formula I may be prepared by methods known in the art of organic 
synthesis as set forth in part by the following synthesis schemes. In all of the schemes 
described below, it is well understood that protecting groups for sensitive or reactive groups 

15 are employed where necessary in accordance with general principles of chemistry. Protecting 
groups are manipulated according to standard methods of organic synthesis (T. W. Green and P. 
G M. Wuts (1991) Protecting Groups in Organic Synthesis, John Wiley & Sons). These 
groups are removed at a convenient stage of the compound synthesis using methods that are 
readily apparent to those skilled in the art. The selection of processes as well as the reaction 

20 conditions and order of their execution shall be consistent with the preparation of compounds 
of formula L Those skilled in the art will recognize if a stereocenter exists in compounds of 
formula I. Accordingly, the present invention uicludes both possible stereoisomers and 
includes not only racemic compoimds but the individual enantiomers as well. When a 
compound is desired as a single enantiomer, it may be obtained by stereospecific synthesis or 

25 by resolution of the final product or any convenient intermediate. Resolution of the final 

product, an intermediate, or a starting material may be effected by any suitable method known 
in the art. See, for example. Stereochemistry of Organic Compounds by E. L. Eliel, S. H. 
Wilen, and L. N. Mander (Wiley-Interscience, 1994). 

30 More particularly, the compounds of the formula I can be made by the process of either 

Scheme A or B or a variant thereof. Any person skilled in the art can readily adapt the process 
of either A or B, such the stoichemistty of the reagents, temperature, solvents, etc. to optimize 
the yield of the products desired. 
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Briefly in Scheme A, a mixture of aniline derivative of formula 11 (1 equivalent) and NH4SCN 
(about 1 .3 equivalent) in an acid (typically 4N-HC1) is heated to reflux at about 110 C** for 6 
hours. After cooling, the mixture is treated with H2O, which process usually forms a solid, 
followed by desiccation in vacuo to give a compound of formula III. (However, the 
compounds of formula III are often commercially available.) 



10 A mixture of formula HI compound, CICH2CO2H (1 equivalent), and AcONa ( 1 equivalent) in 
AcOH is heated to reflux at aroimd 1 10 C° for about 4 h. The mixture is poured onto water 
thereby a solid is typically formed, which is isolated by filtration. The solid is washed with a 
solvent such as MeOH to afford a compound of formula IV. 

15 A mixture of formula IV compound, an aldehyde of formula V (1 equivalent), AcONa (3 
equivalent) in AcOH is heated to reflux at about 1 10 C° for about 10 to 48 hours. After 
cooling, a small portion of water was added until the solid forms. The solid is filtered and 
washed with a solvent such as MeOH, followed by desiccation in vacuo to afford a target 
product of formula I. 

20 

As a variation of Scheme A, a compound of formula IV can also be synthesized according to 
Scheme A' or Scheme A". 
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Scheme A' 
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IV 

Compounds of foraiula V are known or can be made by standard organic chemical techniques. 
For example. Schemes 1 to 1 1 depict some of the ways to make a compound of formula V, and 
further ways to make a compound of formula I from a compound of formula V. 



10 Scheme 1. 1-Methylbenzimidazoles 
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Scheme 2. 1,2-Dimethylbenzimidazoles 




Scheme 3. l-Aminoethylbenzimidazoles 



5 




Scheme 4. 2-(Aminoethyl)aminobenzimidazoles 




N(R1)2 
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5 Scheme 6. 2-Trifluoromethylbenziinidazoles 




Raney Nickel 
HCO2H, H2O 
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Scheme 7. 2- i^Butylbenzimidazoles 

CHO,Cu(OAc)2 NC.,^^ 

AcOHrHaO [[ t-Bu HCOJH.H^O [[ ^ t-Bu 



NC^ ^NHMe ¥^ 

t-BuCHO, Cu(OAc)2 NC.,^^^..,^^j4 Raney Nickel OHC^^^^-x^^^^^ 
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Scheme 10 




Briefly in Scheme 9, preparation of aldehyde 4 starts with cyclization of methyl 
4-amino-3-hydroxy-benzoate 1. Benzoxazole 2 is formed by the reaction with triethylortho 
acetate. Other reagents, such us, but not limited to, acetamide, acetic anhydride, acetyl 
chloride, could be utilized in this reaction. Formed benzoxazole is then isolated from the 
reaction mixture by filtration. Reduction of the ester to the alcohol 3 is done using lithium 
aluminum hydride. Other reducing agents, such us, but limited to, DEBAL-H, diborane, 
sodium-ammonia, sodium borohydride can be used for this reaction. Oxidation of alcohol in 
the presence of PCC yields aldehyde 4. Other oxidative reagents, such us MnOa or Swem 
oxidation can be utilized in this case. Coupling of the aldehyde with thiazolidinone utilizing 
Knoevenagel reaction can proceed under acid or basis catalysis. When benzoxazole undergoes 
acid-catalyzed reaction, partial formation of the ring-opening product may be observed. 
Product is then purified by column chromatography. Coupling with rhodanine under basic 
conditions yields thiazolidinone 5, which was then methylated with Mel to give 
thiazolidinone 6. Other methylating agents suitable for this reaction are diazomethane, methyl 
sulfoxide or other suitable methylating agents. Displacement with a variety of alkyl and aryl 
amines is done in ethanol and pure product can be isolated by filtration. 
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Scheme B 




vm 

Scheme B is a variant of process of Scheme 9. Briefly in Scheme B, a mixture of an aldehyde 
of formula V (1 equivalent ), rhodanine (1 equivalent), sodium acetate (about 3 equivalents), 
5 and acetic acid is heated at around HOC for about 48 h. The reaction mixture is cooled to 
room temperature to afford a product of formula VIL 

Then, to a room temperature suspension of VII (1 equivalent) in a suitable solvent such as 
ethanol is added Hunig*s base (about 2 equivalents) followed by iodomethane (about 5 
10 equivalents). Stiiring the resultant suspension at room temperature for 3.5 h will yield a 

compound of VUI. To a mixture of VIII (1 equivalent) and MS4A powder is added an amine 
of formula DC (1-2 equivalent) and ethanol (dehydrated). The mixture was heated to afford a 
compound of formula L 

15 In the above Schemes, the meaning of R, Rl, R3, and Q are as defined for Formula L 
Specific Embodiments - Examples 

As used herein the symbols and conventions used in these processes, schemes and examples 
20 are consistent with those used in the contemporary scientific literature, for example, the 

Journal of the American Chemical Society or the Journal of Biological Chemistry. Standard 
single-letter or three-letter abbreviations are generally used to designate amino acid residues, 
which are assumed to be in the L-configuration unless otherwise noted. Unless otherwise 
noted, all starting materials were obtained from commercial suppliers and used witliout 
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further purification. Specifically, the following abbreviations may be used in the examples 
and throughout the specification: 





g (grams); 


mg (milligrams); 


5 


L (liters); 


mL (milliliters); 




IxL (microliters); 


psi (pounds per square inch); 




M (molar); 


mM (millimolar); 




i. V. (intravenous); 


Hz (Hertz); 




MHz (megahertz); 


mol (moles); 


10 


mmol (millimoles); 


rt (room temperature); 




min (minutes); 


h (hours); 




mp (melting point); 


TLC (thin layer chromatography); 




Tr (retention time); 


RP (reverse phase); 




MeOH (methanol); 


i-PrOH (isopropanol); 


15 


TEA (triethylamine); 


TFA (trifluoroacetic acid); 




TFAA (trifluoroacetic anhydride); 


THF (tetrahydrofiiran); 




DMSO (dimethylsulfoxide); 


AcOEt (ethyl acetate); 




DME (1,2-dimethoxy ethane); 


DCM (dichloromethane); 




DCE (dichloroethane); 


DMF (N,N-dimethylformamide); 


20 


DMPU (N,N'-dimethylpropyleneurea); (GDI (IJ-carbonyldiimidazole); 




IBCF (isobutyl chloroformate); 


HOAc (acetic acid); 




HOSu (N-hydroxysuccinimide); 


HOBT (1-hydroxybenzotriazole); 



mCPBA(meta-chloroperbenzoic acid; EDC (ethylcarbodiimide hydrochloride); BOC 

(tert-butyloxycarbonyl); FMOC (9-fluorenylmethoxycarbonyl); DCC 

25 (dicyclohexylcarbodiimide); CBZ (benzyloxycarbonyl); 

Ac (acelyl); atm (atmosphere); 

TMSE (2-(trimethylsilyl)ethyl); TMS (trimethylsilyl); 

TIPS (triisopropylsilyl); TBS (t-butyldimethylsilyl); 

DMAP (4-dimethylaminopyridine); BSA (bovine serum albumin) 
30 ATP (adenosine triphosphate); HRP (horseradish peroxidase); 

DMEM (Dulbecco's modified Eagle medium); 

HPLC (high pressure liquid chromatography); 

BOP (bis(2-oxo-3-oxazolidinyl)phosphinic chloride); 

TBAF (tetra-n-butylammonium fluoride); 
35 HBTU (0-Benzotriazole-l-yl-N,N,N%N'- tetramethyluronium 

hexafluorophosphate). 

HEPES (4-(2-hydroxyethyl)-l-piperazine ethane sulfonic acid); 
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DPPA (diphenylphosphoryl azide); 

fHN03 (filmed HN03); and 

EDTA (ethylenediaminetetraacetic acid). 

5 All references to ether are to diethyl ether; brine refers to a saturated aqueous solution of NaCl. 
Unless otherwise indicated, all temperatures are expressed in °C (degrees Centigrade). AH 
reactions are conducted under an inert atmosphere at room temperature unless otherwise 
noted. 

10 'H NMR spectra were recorded on a Varian VXR-300, a Varian Unity-300, a Varian Unity-400 
instrument, a Brucker AVANCE-400, or a General Electric QE-300. Chemical shifts are 
expressed in parts per million (ppm, 8 units). Coupling constants are in units of hertz (Hz). 
Splitting patterns describe apparent multiplicities and are designated as s (singlet), d (doublet), 
t (triplet), q (quartet), quint (quintet), m (multiplet), br (broad). 

15 

Low-resolution mass spectra (MS) were recorded on a JOEL JMS-AX505HA, JOEL SX-102, 
or a SCIEX-APIiii spectrometer; LC-MS were recorded on a micromass 2MD and Waters 
2690; high resolution MS were obtained using a JOEL SX-102 A spectrometer. All mass 
spectra were taken under electrospray ionization (ESI), chemical ionization (CI), electron 
20 impact (EI) or by fast atom bombardment (FAB) methods. Infrared (IR) spectra were 

obtained on a Nicolet 510 FT-DR. spectrometer using a 1-mm NaCl cell. Most of the reactions 
were monitored by thin-layer chromatography on 0.25 mm E, Merck silica gel plates 
(60F-254), visualized with UV light, 5% ethanolic phosphomolybdic acid or p-anisaldehyde 
solution. Flash column chromatography was performed on silica gel (230-400 mesh, Merck). 

25 

In the present specification, often the regiochemistry around the double bonds in the chemical 
formulas are drawn as fixed for ease of representation; however, a skilled in the art will readily 
appreciate that the compounds will naturally assume more thermodynamically stable structure 
around the C=N (the imine) double bond, if they exit, as exo form. Further compounds can 
30 also exit in endo form. As stated before, the invention contemplates both endo and exo forms 
as well as both regioisomers around the exo imine bond. Further it is intended that both E and 
Z isomers are encompassed around the C=C double bond. 

The method of this invention of inducing hYAK3 inhibiting activity in mammals, including 
35 humans, comprises administering to a subject in need of such activity an effective hYAK3 
inhibiting amount of a pharmaceutically active compound of the present invention. 
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The invention also provides for the use of a compound of Formula (I) in the manufacture of a 
medicament for use as an inhibitor of hYAK3. 

The invention also provides for the use of a compound of Formula (I) in the manufacture of a 
5 medicament for use in therapy. 

The invention also provides for the use of a compound of Formula (I) in the manufacture of a 
medicament for use in enhancing red blood cell production. 

10 The invention also provides for the use of a compound of Formula (I) in the manufacture of a 
medicament for use in treating anemia. 

The invention also provides for a pharmaceutical composition for use in the inhibition of 
hYAK3 which comprises a compound of Formula (I) and a pharmaceutically acceptable 
15 carrier. 

The invention also provides for a pharmaceutical composition for use in the treatment of 
anemia which comprises a compound of Formula (I) and a pharmaceutically acceptable 
carrier. 

20 

The invention also provides for a pharmaceutical composition for use in enhancing red blood 
cell production which comprises a compound of Formula (I) and a pharmaceutically 
acceptable carrier. 

25 No unacceptable toxicological effects are expected when compounds of the invention are 
administered in accordance with the present invention. 

In addition, the pharmaceutically active compounds of the present invention can be 
co-administered with further active ingredients, such as other compounds known to treat 
30 anemia, including chemotherapy-induced anemia and bone marrow transplantation and other 
conditions with depressed red blood cell production, or compounds known or found to have 
utility when used in combination with a hYAK3 inhibiting compound. 

Without further elaboration, it is believed that one skilled in the art can, using the preceding 
35 description, utilize the present invention to its fullest extent. The following Examples are, 

therefore, to be construed as merely illustrative and not a limitation of the scope of the present 
invention in any way. 
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Example 1 

(5^-2- [(2-Chlorophenvl)amino]"5- [(I'methvl- liy-benzimidazol-6-vl)methvlidene1- 1 
,3"thiazol-4(5.fl)"Qne 

5 

(a) 3-(Methyloxy)-4-nitrobenzonitrile. Following the procedure of Mackman 
etsd. in J. Med, Chem. 2001, 44, 2753-2771, 3-metlioxy-4-nitrobenzoic acid (11.52 g, 
58.4 mmol) was dissolved in THF (158 mL) and cooled to 0 °C. Oxalyl chloride (5.6 
mL, 64.3 mmol) was added dropwise under a nitrogen atmosphere, followed by a 

10 few drops of DMF. The reaction mixture was allowed to warm to room temperature 
and stirred for 1 h. The mixture was then concentrated to dryness under reduced 
pressure, and the residue redissolved in THF (158 mL) and cooled to 0 °C. 
Ammonia gas was bubbled through the solution for 10 min, leading to the 
formation of a yellow precipitate. The ice bath was removed, and the mixture was 

15 sealed and allowed to stir overnight. After the addition of EtOAc (100 mL), the 
solids were filtered off, washed with water, and dried to provide 
3-(methyloxy)-4-nitrobenzamide (10.10 g, 88%) as a yellow solid. Additional 
product could be recovered from the filtrate by removal of the organic solvent under 
reduced pressure, then redissolving the residue in EtOAc. The organic layer was 

20 washed with IN HCl (2 x 100 mL), brine (2 x 100 mL), then dried (Na2S04), 

filtered and concentrated to afford an additional 1.07 g (9%). 1H NME (de'DMSO): 

8 8.25 (bs, IH), 7.96 (d, 8.0 Hz, IH), 7.75 (d, 1.6 Hz, IH), 7.73 (s, IH), 7.57 (dd, 
c7= 1.6, 8.4 Hz, IH), 3.98 (s, 3H). 

25 To a suspension of 3-(methyloxy)-4-nitrobenzamide (11.17 g, 56.7 mmol) in THF 

(150 mL) was added EtsN (10.3 mL, 73.7 mmol), followed by the dropwise addition of 

TFAA (8.67 mL, 62.4 mmol)- After stirring for 1.5 h, the solvent was removed in vacuo 
and the mixture dissolved in EtOAc (400 mL), The solution was washed with IN HGl (l 
X 200 mL), brine (2 x 250 mL), dried over Na2S04, filtered and concentrated to yield 

30 3-(methyloxy)-4-nitrobenzonitrile (9.98 g, 96% overall) as a yellow solid. NMR 
(de'DMSO): 5 8.06 (d, c/= 8.4 Hz, IH), 7.96 (d, c7= 1.2 Hz, IH), 7.64 (dd, c/= 1.2, 8.4 Hz, 

IH), 3.98 (s, 3H). 

(b) 3-(Methylamino)-4-nitrobenzomtrile. Following the procedure of Mackman 
35 etal in J. Med. Chem, 2001, 44, 2753*2771, 3-methoxy-4-nitrobenzonitrile (1,0 g, 5.62 

mmol) was dissolved in DMSO (7 mL) in a pressure tube and a 40% solution of MeNH2 
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in watei^ (l mL) was added. The tube was sealed and heated to 75 °C for 4 h, then cooled 
and poured onto an ice/water mixture. The precipitate was filtered, rinsed with water, 
and dried to afford 3-(inethylaniino)-4-nitrobenzonitrile (0.95 g, 95%) as an orange solid. 

iH NMR (CDCI3): 5 8.26 (d, c/= 8.8 Hz, IH), 8.05 (bs, IH), 7.15 (d, c/= 1.2 Hz, IH), 6.89 

5 (dd, 1.6, 8.8 Hz, IH), 3.06 (d, 5.2 Hz, 3H). 

(c) 4-Amino-3-(methyIamino)benzonitrile. To a mixture of 

3- (methylamino)-4-nitrobenzonitrile (0,655 g, 3.70 mmol) in MeOH (9.5 mL) and 
EtOAc (9.5 mL) was added 10% Pd/C (65 mg). Ajfter stirring under a hydrogen 

10 atmosphere for 4 h, the reaction mixture was filtered through a pad of Celite, rinsed 
with MeOH, and concentrated under reduced pressure to afford 

4- amino-3-(methylamino)benzonitriIe (0.542 g, 100%) as a beige solid. ^HNMR 
(CDCI3): 5 7.02 (dd, J= 1 .6, 8.0 Hz, IH), 6.84 (d, J= 1 .2 Hz, IH), 6.68 (d, J= 8.0 Hz, 
IH), 3.74 (bs, 2H), 3.32 (bs, IH), 2.87 (s, 3H). 

15 

(d) l-MethyHjf/-benzimidazole-6-carbaldehyde. A mixture of 
4-amino-3-(methylamino)benzonitrile (0.40 g, 2.72 mmol) in HCO2H (9 mL) was 

heated to 100 for 2 h. The mixture of crude benzimidazole was then cooled, Raney 
nickel (0.4 g) and H2O (2 mL) were added, and the mixture was heated again to 100 °C 
20 for 1 h. The hot mixture was then filtered through Celite, rinsed with MeOH and 

concentrated tinder reduced pressure. Water (1 mL) was added to the residue^, which 
was then treated carefully with sat. aq. NaHC03. The solid which precipitated was 
filtered, rinsed with H2O and dried to afford 

l-methyHiir-benzimidazole-6-carbaldehyde (0.412 g, 95%) as a tan solid, which was 
25 useddhectly in the next reaction. lHNMR(CDCl3): 5 10.12 (s, IH), 8.05 (s, IH), 8.00 
(d, 0.8 Hz, IH), 7.92 (d, J= 8.0 Hz, IH), 7.84 (dd, J= L2, 8.0 Hz, IH), 3.94 (s, 
3H). 



(e)(5Z)-2-[(2-Chlorophenyl)amino]-5-[(l-methyl-li?-benzimidazol-6-yl)meth 
30 yIidene]-l,3-thiazol-4(5ii/)-one. A solution of 

1 - methyl- liy-benzimidazole-6-carbaldehyde (15 mg, 0.094 mmol), 

2- [(2-chlorophenyl)amino]-l,3-thiazol-4(5^-one (21.3 mg, 0.094 mmol), and 
piperidine (18.5 (xL, 0.188 mmol) in EtOH (0.5 mL) was heated in a microwave 
reactor at 170 for 720 s. The solvent was then removed under reduced pressure and 

35 the crude product purified by precipitation from a mixture of CH2Cl2/hexanes. 
Alternatively, the product could be purified by column chromatography. 
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Example 


Compound name 


NMR (400 MHz) 


1 


(5^-2-[(2"Chlorophenyl 
)amino]-5-[(l-methyl" 1 
jfiPbenzimidazol- 6 -yl)m 
ethylidene]-l,3-thiazol- 
4(5£5-one 


(CDCI3): 7.95 (s, IH), 7.92 (s, IH), 7.81 (d, c7= 
8.8 Hz, IH), 7.48 (m, 2H), 7.39 (dd, 0.8, 8.8 
Hz, IH), 7.31 (dt, 1.6, 7.6 Hz, IH), 7.17 (dt, 
1.6, 7.6 Hz, IH), 7.08 (m, IH), 3.86 (s, 3H) 



Examples 2-8 



5 The following compounds were prepared according to the procedure of Example 1, 
except substituting the appropriately substituted thiazolone for 
2-[(2-chlorophenyl)amino]- 1 ,3-thiazol-4(5i/)-one: 




10 



Example 


Compound name 


R 


NMR (400 MHz) 


2 


(5.^-2-[(2,6-diclilorophe 
nyl) 

amino] -5- [(l-methyl- 1 
^benzimidazol-6-yl)m 
ethylidene] ■ 1,3-tMazol- 
4(5Ja-one 


/ 

/ 




CI 


(de-acetone): 8.11 (s, IH), 7.70 

(m, 3H), 7.43 (m, 3H), 7.12 (m, 
IH), 3.91 (s, 3H) 


3 


(5^-2-[(2,6-difluorophe 
nyl) 

amino] -5- [(l-methyl" 1 
-Efbenzimidazol-6-yl)m 
ethyhdene] - 1, 3-thiazol- 
4(5B-one 




! 




(CDCI3): 7.95 (s, IH), 7.92 (s, 
IH), 7.81 (d, J= 8.0 Hz, IH), 
7.46 (s, IH), 7.38 (m, IH), 7.12 
(m, IH), 7.00 (t, J= 7.6 Hz, 

2H), 3.89 (s, 3H) 


4 


(5-^-2- [(2,4-dimethylph 
enyl) 

amino] -5- [(l-methyl- 1 
jffbenzimidazol" 6 -y l)m 
ethylidene]-l,3-thiazol- 
4(5^-one 




e 




(CDCI3): 7.93 (s, IH), 7.90 (s, 
IH), 7.80 (d, J= 7.6 Hz, IH), 
7.45 (s, IH), 7.39 (dd, J= 0.8, 
8.8 Hz, IH), 7.10 (s, IH), 7.05 
(dd, J= 2.0, 8.0 Hz, IH), 6.91 
(d, J= 8.8 Hz, IH), 3.89 (s, 3H), 
2.36 (s. 3H). 2.22 (s. 3H) 
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5 


C.^^-B-ffl -methvl-lJ?^b 

enzimidazol-6-yl)methy 

lidene]-2-{[2-(methylox 

y) 

phenyl] amino}- 1, 3-thia 
zol-4(5-E$-one 


^^^^^^ 


(CDClo): 7 95 (s IH) 7 84 (m 

IH), 7.51 (m, 2H), 6.99 (m, 2H), 
3.91 (s, 3H). 3.89 (s, 3H) 


6 


(5^-5-[(l-methyl-lJT-b 

enzimidazoi- 6-y Ijmetiiy 
lidene] -2 " {[2 " (trifluoro 
methyl)phenyl]amino}- 
l,3-thiazol-4(5^-one 


6"' 


(CDClg): 7.94 (s,lH), 7.89 (s, 
IH), 7.80 (dd, </= 0.8, 8.4 Hz, 
IH), 7.71 (d, J= 7.6 Hz, IH). 
7.56 (m, 2H), 7.45 (m, IH), 7.38 
(m, IH), 7.10 (m, IH), 3.85 (s, 
3H) 


7 


(5^-2-[(2,4"difluorophe 
nyDamino] -5- Kl-methy 
1- ljE?^benzimidazol-6-yl) 
methylidene]-l,3"thiaz 
ol-4(5ia)-one 


F 


(CDClg): 7.95 (s, IH), 7.88 (m, 

IH), 7.43 (m, IH), 7.35 (m, 2ED, 
6.92 (m, 2H), 3.74 (s, 3H), 2.63 
(s, 3H) 


8 


(5-2) -2- [(2-chloro-4-fluor 
opnenylr ammoj-o- 1(1- 
methyl- l^benzimidaz 
ol-6"yl)metliylidene]-l, 
3-thiazol-4(5i59-one 


F 


(CDgOD): 9.33 (s, IH), 8.01 (s, 

IH), 7.88 (m, 2H), 7.74 (dd, J = 
1.6, 8.4 Hz, IH), 7.33 (d, J = 8.4 
Hz, IH), 7.11 (d, J = 6.4 Hz, 
2H), 4.11 (s, 3H3 



Example 9 

(5Z)-2-[(2-ChlorophenvDamino1-5-[( 1 .2-dimethvl- li/"benzimidazol-6-vl)methylidene1 
- 1 3 -thiazol-4( 5iy)-one 

5 

(a) 1 ,2-Dimethyl- 1 if-benzimidazole-6-carbonitrile. 
4-Amino-3-(methylamino)benzonitrile (from Example 1(c); 0.500 g, 3.40 mmol) and 
2,4-pentajriedione (0.700 mL, 6.80 mmol) were dissolved in EtOH (8.4 mL) and cooled 
to 0 ^C. 6N HCl (2.8 mL) was added dropwise and the solution turned deep red. Stirring 

10 was continued for 20 min, after which time the mixture was careftilly poured onto ice/sat. 
aq. NaHC035 making sure the aqueous layer remained basic. The solid product which 
precipitated was filtered off, rinsed with H2O and dried to afford the crude 
l,2-dimethyl-li/-benzimidazole-6-carbonitrae (0.355 & 61%). NMR (CDCI3): 
5 7.72 (d, y= 8.4 Hz, IH), 7.62 (d, J- 1.2 Hz, IH), 7.50 (dd, J= L2, 8.4 Hz, IH), 3.78 (s, 

15 3H), 2.66 (s, 3H). 

(b) l,2-Dimethyl-lH-benzimida2ole-6-carbaldehyde. A mixture of 
l,2-dimethyl-l/?-benzimidazole-6-carbonitrile (0.355 g, 2.08 mmol) and Raney nickel 

(1 50 mg) was suspended in HCO2H (7 mL) and H2O (3 mL) and heated to 100 for 2 h. 

20 The mixture was then filtered hot through Celite, rinsed with MeOH, and concentrated. To 
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the resulting residue was added H2O (1 mL) followed by sat. aq. NaHC03 until basic. The 
aqueous layer was extracted with CH2CI2 (2x30 mL), dried over Na2S04, and 
concentrated to yield the product aldehyde (0.284 g, 79%) as a beige solid. ^HNMR 
(CDCI3): 8 10.07 (s, IH), 7.88 (t, J = 1.2 H, IH), 7.77 (4 J = 1.2 Hz, 2HX 3.81 (s, 3HX 
2.61 (s,3H). 

(c)(52)-2-[(2-Chlorophenyl)aniino]-5-[(l,2-dimeAyl-lif-benziniidazol-6-yl^ 
ylidene]-l53-thiazol-4(5jy)-one. Knoevenagel coupling with 

2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5//)-one was accomplished using the procedure 
of Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


9 


(5^-2-[(2-Chloropheiiyl)- 
ammo]-5" 
[(1,2-dimethyMiP 
benzimidazol-6-yl)" 

methylidene]- 
l,3-thiazol-4(5^-one 


(dg-DMSO): 12.58 (s, IH), 7.81 (s, IH), 
7.72 (s, IH), 7.59 (d, c/= 8.4 Hz, IH), 7,55 
(d, c7= 8.0 Hz, IH), 7.38 (m, IH), 7.23 (m, 
3H), 3.72 (s, 3H), 2.53 (s, 3H) 



Examples 10-14 




The following compounds were prepared according to the procedure of Example 9, 
except substituting the appropriate thiazolone for 
2-[(2-chlorophenyl)amino]- 1 ,3-thiazol-4(5jH)'-one: 
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Example 


Compound name 


R 


NMR (400 MHz) 


10 


(5S?i-2-l(2 f?-di(>hloroT) 
henyl)amino]-5-[(l,2- 
dimethyl' l^benzimi 
da2ol-6-yl)methylide 
ne] - 1, 3 -thiazol-4(5i^ - 
one 




(dfj-DMRO'^: 7 R7 Cq 7 

(d, J= 7.6 Hz, IH), 7.41 (m, 
2H), 7.26 (m, IH), 6.97 (m, IH), 
3.29 (s, 3H), 2.5 (s, 3H) 


11 


fR^?l-2-r(2 6-diflunrnn 

kenyl) 
amino] ■ 5 - [( 1 , 2 - dime t 
hyl- luS^benzimidazol- 
6 -yl)methylidene] -1,3 
"thiazol-4(5^ -one 


^^^^^^ 


fn'Dr.O'nV 7 8*^ Cc ITT") 7 i^fi I'm 

2H), 7.33 (dd, J= 1.2, 8.4 Hz, 
IH), 7.20 (m, IH). 7.05 (t, 
8.0 Hz, 2H), 3.76 (s, 3H), 2.59 

(s, 3H) 


12 


(5-2)-5-[(l,2-dimethyl- 

)methylidene]-2-[(2,4 

"dimethylphenyl) 
amino] - 1, 3-thiazol-4( 
5.£&-one 




(dg-DMSO): 7.76 (d, J= 3.6 Hz, 

IH), 7.71 (s, IH), 7.58 (d, J = 
8.4 Hz, IH), 7.22 (dd, J= 1.6, 
8.4 Hz, IH), 7.10 (s, IH). 7.02 
(m, IH), 3.71 (s, 3H), 3.29 (s, 
3H), 2.53 (s, 3H), 2.29 (s, 3H) 


13 


(5-^ -2- 1(2, 4"difluorop 

henyl) 
amino] - 5 - [(l , 2 ■ dimet 
hyl- l£f benzimidazol- 
6-yl)methylidene]- 1,3 
■tliiazol-4(5^&-one 


(V 

F 


(CD3OD): 7.83 (s, IH), 7.58 (m, 
2H), 7.36 (m, IH), 7.06 (m, 3H), 
3.77 (s, 3H), 2.60 (s, 3H) 


14 


(5^-2-[(2'chloro-4-flu 

orophenyD 
amino]-5- [(1,2-dimet 
hyl- 1-ff benzimidazol- 
6-yl)methylidene] - 1,3 
-thiazol-4(5^ - one 


& 

F 


(CD3OD): 7.82 (s, IH), 7.57 (m, 

2H), 7.35 (dd, J = 0.8. 8.8 Hz, 
IH), 7.31 (d. J = 8.8 hz, IH), 
7.12 (d, J = 5.6 Hz, 2H), 3.77 (s, 
3H), 2.60 (s, 3H) 



Example 15 

(5Z)-2-[r2-Chlorophenvl)amino]-5-(U'r2-(4-morpholinynethyl1-lH^ 
methviideneV 1 3-thiazol-4(5ID-one 

5 

(a) 4-Amino-3-{[2-(4-morpholinyl)ethyl]amiho}benzonitriIe. A mixture of 
3"methoxy-4-nitrobenzonitriIe (from Example 1(a); 0.1 78g, 1.0mmol)and 
4-(2-aminoethyl)morpholine (0.65 mL, 5.0 mmol) were heated to 80 ""C for 20 h. The 
reaction mixture was cooled, diluted with EtOAc (50 mL), and washed with H2O (3 x 30 

10 mL) and brine (1x30 mL). The organic layer was dried (Na2S04X filtered, and 

concentrated to afford 3-{[2-(4-morpholinyl)ethyl]amino}-4-nitrobenzonitrile (0.246 g, 
89%) as a red solid. This material was dissolved in MeOH (3 mL), 10% Pd/C (24 mg) 
was added, and the mixture stirred under a hydrogen atmosphere overnight. Filtration 
through Celite and removal of the solvent provided the desired diaminobenzonitrile 

15 (0.2 1 9 g, 1 00%) as a red oil. 
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(b) l-[2-(4-Morpholinyl)ethyl]-lii/-benzimidazole-6-carbaldehyd^ According to the 
procedure in Example 1(d), 4-amino-3-{[2-(4-morpholinyl)ethyl]amino}benzonitrile 
was converted to the benzimidazole carboxaldehyde in 72% yield. NMR (CDCI3): 

5 5 10.1 1 (s, IHX 8.20 (s, IH), 8.02 (d, J= 0.8 Hz, IH), 7.92 (d, J- 8.4 Hz, IH), 7.82 (dd, 
J- 1.2, 8.4 Hz, IH), 4.34 (t, J= 6.0 Hz, 2H), 3.69 (t, 7= 4.4 Hz, 4H), 2.98 (t, J= 6.0 Hz, 
2H), 2.50 (t, 4.8 Hz, 4H). 

(c) (5Z)-2-[(2-Chlorophenyl)amino]-5-({ l-[2-(4-morpholinyl)ethyl]- lif-benzimidazol 
10 -6-yl}methylidene)- 1 ,3 -thiazol-4(5/3?)-one. ICnoevenagel coupling with 

2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5i?)"One was accomplished using the 
procedure of Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


15 


(5^-2-[(2-Chlorophenyl)- 
amino] -5- 
({l-[2"(4-morphohnyl)ethyl]- 
lZfbenzimidazol-6-yl}- 
methylidene) - 1, 3-thiazol- 
4(5i^-one 


(CD3OD): 8,30 (s, IH), 7.84 (s, IH), 7.72 (m, 2H), 
7.48 (dd, </= 1.6, 8.0 Hz, IH), 7.41 (m, IH), 7.33 
(dt, 1.6, 7.6 Hz, IH), 7.19 (dt, 1.2, 7.6 Hz, 
IH), 7.09 (m, IH), 4.39 (t, 6.4 Hz, 2H), 3.59 
(m, 4H), 2.74 (t, 6.4 Hz, 2H), 2.43 (m, 4H) 



15 Examples 16-32 




The following compounds were prepared according to the procedure of Example 15, 
20 using the requisite amine for 4-(2-aminoethyl)morpholine and substituting the 
appropriate thiazolone for 2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5iir)-one: 
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Example 


Compound name 


R3 


R 


NMR (400 MHz) 


16 


(5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-({l"[2-(4 

-morpholinyl) 
ethyl] ' IjEf-benzim 
idazol-6-yl}i3iethy 
lidene) - 1, 3 "thiazo 
l-4(5J2>-one 


o 

N — ^ 

i 




(CD3OD): 8.30 (s, IH), 7.87 (s, 
IH), 7.72 (m, 2H), 7.44 (d, J= 8.0 
Hz 2H) 7 39 (c\ J= R n TT-r iw\ 
7.15 (m, IH), 4.39 (t, J= 5.6 Hz, 
2H), 3.60 (m, 4H), 2.74 (t. J" =5.6 
Hz, 2H), 2.44 (m, 4H) 


17 


(5-g)-2-[(2-chloro- 
4-fluorophenyl) 
amino]-5-({l-[2-(4 

-morpholinyl) 
ethyl] - l-ffbenzim 
idazol- 6 -y l}methy 
lidene) ■ 1 , 3 - thiazo 
h 4(511) -one 


o 

N — ^ 


V 

F 


(CDgOD): 8.30 (s, IH), 7.85 (s, 
IH), 7.72 (m, 2H), 7.41 (dd, J = 
J..Z,, / .D nz, Jiny, /.oo vda, c/ — i.-Z, 
9.2 Hz, IH), 7.12 (d, J= 7.2 Hz, 
2H), 4.40 (t, J= 6.4 Hz, 2H), 3.59 
(m, 4H), 2.75 (t, J= 6.0 Hz, 2H), 
2.44 (m, 4H) 


18 


(5^-2-[(2-chlorop 

henyl) 
amino]-5-({l-[2-(d 

imethylamino) 
ethyl] ■ IJT-benzim 
idazol-6-yl}methy 
lidene) -1,3 - thiazo 
1-4(5 Ji) -one 


Me 

\ 

N— Me 


& 


(CD3OD): 8.28 (s, IH). 7.84 (s, 
IH), 7.74 (s, IH), 7.70 (d, J= 8.4 
Hz, IH), 7.47 (d, J'= 8.4 Hz, IH), 
7.41 (d, c7= 8.4 Hz, IH), 7.32 (t, J 
= 7.6 Hz, IH), 7.18 (t, J= 7.6 Hz, 
IH), 7.09 (d, J= 7.6 Hz, IH), 4.37 
(t, J= 6.8 Hz, 2H), 2.73 (t, J= 6.8 
Hz, 2H) 


19 


(5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-({l-[2-(d 

imethylamino) 
ethyl] - 1 jy-benzim 
idazol-6-yi}methy 
lidene)" 1,3-thiazo 
1-4(5^ -one 


Me 

\ 

N— Me 




(CDgOD): 8.24 (s, IH), 7.71 (m, 
3H), 7.40 (m, 3H), 7.10 (t, 8.0 

xiA, iXl/, ^.00 \C, c/ — 0.^ XXZ, ^Xl/, 

2.71 (t, J= 6.4 Hz, 2H), 2.19 (s, 
6H). 


20 


(5^-2-[(2,4-difluo 

rophenyl) 
amino]-5-({l-[2-(d 

imethylamino) 
ethyl] - l.S'-benzim 
idazol-6-yl}methy 
lidene) " 1, 3-thiazo 
l-4(5i^-one 


Me 
\ 

N— Me 

X 


V 

F 


(CD3OD): 8.30 (s, IH), 7.84 (s, 
IH), 7.74 (s, IH), 7.71 (d, J= 8.4 

xiz, xi:!./, / .^0 Vu.a., c/ ~ 0.0 xlZ, 

IH), 7.10 (m, 2H), 6.98 (m. IH). 
4.39 (t, J= 6.8 Hz, 2H), 2.75 (t. J= 
6.8 Hz, 2H), 2.23 (s, 6H) 


21 


(5^-5-({l-[2"(dim 

ethylamino) 
ethylj - 1^-benzim 
iciazol o-yl/metny 
lidene)-2-(phenyl 
amino) - 1, 3-thiazo 
l-4(5^-one 


Me 

\ 

N— Me 
/ 

> 




(CD3OD, mixture of two isomers): 
8.35 (s, IH), 8.29 (s, IH), 7.98 (s, 
IH), 7.70-7.88 (m, 8H), 7.57 (m, 
IH), 7.41 (m, 5H), 7.23 (m. 2H), 
7.10 (d, J= 7.6 Hz, 2H), 4.48 (m, 
2H), 4.38 (m, 2H), 2.86 (m, 2H), 
2.74 (m, 2H), 2.35 (s, 6H), 2.22 (s, 
6H) 



46 



wo 2005/082901 



PCT/US2005/006022 



22 


(5^-2"[(2-chlorop 

henyl) 
amino]-6''({l-[2-(d 

iethylamino) 
ethyl] - liJ-benzim 
idazol- 6 -yl}ine thy 
lidene) - 1, 3-thiazo 
l-4(5ja)-one 


Me 

< Me 

N ^ 

/ 




(CD3OD): 8.27 (s, IH), 7.84 (s, 
IH), 7.71 (m, 2H), 7.48 (dd, J" = 
1.6, 8.0 Hz, IH), 7.41 (d, J= 8.4 
Hz, IH), 7.32 (t, J= 8.0 Hz, IH), 
7.18 (t, J= 7.6 Hz, IH), 7.08 (dd, J 
= 0.8, 8.0 Hz, IH), 4.32 (t, J= 6.0 
Hz, 2H), 2.80 (t, J= 6.4 Hz, 2H), 
2.48 (q, J= 7.2 Hz, 4H), 0.86 (t, J 
= 7.2 Hz. 6H) 


23 


(5^-2-[(2,6-dichlo 

rophenyl) 
ainino]-5-({l-[2-(d 

iethylamino) 
ethyl] - l^"benzim 
idazol- 6*yl}methy 
lidene)- 1,3'thiazo 
l-4(5Ja)-one 


Me 
^ Me 
N ^ 




(CD3OD): 8.27 (s, IH), 7.85 (s, 
IH), 7.70 (m, 2H), 7.43 (d, J= 8.0 
Hz, 2H), 7.40 (d, J= 8.8 Hz, IH), 
7.14 (t, J= 8.0 Hz, IH), 4.32 (t, J= 
6.4 Hz, 2H), 2.80 (t, J= 6.4 Hz, 
2H), 2.47 (q, J= 6.8 Hz, 4H), 0.86 
(t, J= 6.8 Hz, 6H) 


24 


(5^-2-[(2-chlorop 

henyl) 
amino]-5-({l-t3K4 

-morpholinyl) 
propyl] - li?benzi 
midazol" 6 -y l}met 
hy lidene) -1,3 -thia 

zol-4(5^-one 


o 

N / 
N 




(CD3OD): 8.29 (s, IH), 7.86 (s, 
IH), 7.73 (s, IH), 7.71 (d, J-= 8.4 
Hz, IH), 7.48 (d, J= 7.6 Hz, IH), 
7.40 (d, J= 8.4 Hz, IH), 7.33 (t, J 
= 7.6 Hz, IH), 7.19 (t, J= 7.6 Hz, 
IH), 7.09 (d, J= 7.6 Hz, IH), 4.36 
(t, J= 6.8 Hz, 2H), 3.60 (bs, 4H), 
2.32 (bs, 4H), 2.26 (t, J= 6.8 Hz, 
2H), 2.04 (t, J= 6.8 Hz, 2H) 


25 


(5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-({l-[3-(4 

-morpholinyl) 
propyl] -1^-benzi 
midazol-6-yl}met 
hylidene)- l,3"thia 

zol-4(5£9-one 


o 

^ N 




(CDaOD)- 9.09 (m, IH), 8.01 (bs, 
IH), 7.91 (s, IH), 7.85 (m. IH), 
7.61 (m, IH), 7.45 (d, J= 8.0 Hz, 
2H), 7.16 (t, J= 8.0 Hz, IH), 4.58 
(bs, 2H), 4.02 (m, 2W, 3.75 (m, 
2H), 3.47 (m, 2H), 3.25 (bs, 2H), 
3.12 (m, 2H), 2.42 (bs, 2H) 


26 


(5^-2-[(2-chlorop 

henyl) 
amino]-5-({l-[3-(4 
-methyl- 1-piperaz 
inyl) 

midazol-6-yl}met 
hylidene)- 1, 3-thia 
zol-4(5i3)-one 


Me 

b 

/\ 

s 




(CD3OD): 8.27 (s, IH), 7.81 (s, 
IH), 7.74 (s, IH), 7.70 (d, J= 8.8 
Hz, IH), 7.47 (d, J= 8.0 Hz, IH), 
7.39 (d, J= 8.4 Hz, IH), 7.32 (t. J 
= 7.2 Hz, IH), 7.18 (t, J= 7.2 Hz, 
1x1/, /.{jy (.a, c/— /.o Hz, Ixl^', 4.o4 
(t, J== 6.4 Hz, 2H), 2.46 (bs, 8H), 
2.30 (s, 3H), 2.27 (t, J= 6.4 Hz, 
2H), 2.03 (t, .7= 6.4 Hz, 2H) 
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< 

£.1 


;5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-({l-[3-(4 
metkyl- 1-piperaz 

inyl) 
propyU ' l^benzi 
midazol-6-yl)»iet 
hylidene) -1,3 -thia 
zol-4(5J2)-one 


Me 

\ 

o 

N Is) 




(CDgOD): 9.37 (s, IH), 8.09 (s. 
IH), 7.93 (s, IH), 7.89 (d, J= 8.4 
Hz, IH), 7.69 (d, J= 8.0 Hz, IH), 
7.35 (d, J= 8.4 Hz, 2H), 7.16 (t, J 
= 8.0 Hz, IH), 4.59 (m, 2H), 2.89 
(,s, 3H), 2.8o vm, oJti;, ^.bZ v,ds, 
2H), 2.22 (t, J= 6.4 Hz, 2H) 


28 


(5-^-2-[(2-cMorop 

henyl) 
amino]-5"(U-[2-(l 
-py r rolidinyl) ethy 
1] - IJ? benzimidaz 
ol-6-yl}methylide 
ne)*l,3-thiazol-4( 

5^ -one 


o 

V 




(CD3OD): 8.29 (s, IH), 7.84 (s, 
IH). 7.71 (m, 2H), 7.47 (dd. J = 
0.8, 8.0 Hz, IH), 7.41 (d, J = 8.0 
Hz, IH), 7.32 (dt, J= 0.8, 7.6 Hz, 
IH), 7.18 (dt, J= 0.8, 7.6 Hz, IH), 
7.09 (dd, J= 1.6, 8.0 Hz, IH), 4.40 
(t, c7= 6.4 Hz, 2H), 2.93 (t, J= 6.8 
Hz, 2H), 2.53 (bs, 4H), 1.76 (bs, 
4H) 


29 


(5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-({l-(2-(l 

-pyrrolidinyl) 
ethyl] - 1 J?benzim 
idazol-6-yl}methy 
lidene) - 1, 3-tMazo 
l-4(5£9-one 


o 

It 




(CD3OD): 8.30 (s, IH), 7.87 (s, 
IH), 7.72 (m, 2H), 7.44 (d, J= 8.0 
Hz, 2H), 7.40 (dd, J= 0.4, 9.2 Hz, 
IH), 7.14 (t, J'= 8.0 Hz, IH), 4.43 
(t, J= 6.4 Hz, 2H), 2.96 (m, 2H), 
2.56 (bs. 4H), 1.78 (bs, 4H) 


30 


(5^-2-[<2-chlorop 

henyl) 
amino]-5-({l-[2-(l 

"piperidinyD 
ethyll - Ifi'-benzim 
idazol-6-yl}methy 
lidene)-!, 3'thiazo 

I-4(5^"one 


o 

N — ^ 


& 


(CD3OD): 8.29 (s, IH), 7.89 (s, 
IH), 7.85 (m, 2H), 7.47 (d. J=^ 6.8 
Hz, IH), 7.41 (d, J= 7.2 Hz, IH), 
7.33 (t, J= 8.0 Hz, IH), 7.19 (t, =/= 
7.6 Hz, IH), 7.09 (d. J =8.0 Hz, 
IH), 4.40 (2H, 6.4 Hz, 2H), 2.74 (t, 
</= 6.4 Hz, 2H), 2.44 (bs, 4B0, 1.54 
(m. 6H) 


31 


(5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-(U-[2-(l 

CJI.XAXXJLJLVJ v# \^-*» 1,** \ 

-piperidinyl) 
ethyl] - 1 benzim 
idazol-6-yl}methy 
lidene) -1,3 - thiazo 
l-4(5H)-one 


o 

N — ^ 




(CD3OD): 8.29 (s, IH), 7.86 (s, 
IH), 7.71 (m, 2H), 7.44 (d. J= 8.0 
Hz. 2H). 7.41 (d, J= 8.8 Hz, IH), 
7.14 (t, J"= 8.0 Hz, IH), 4.40 (t, c7= 
6.0 Hz, 2H), 2.73 (t. J= 6.0 Hz, 
2H), 2.44 (bs, 4H), 1.54 (m, 6H) 


32 


(5^-2"[(2,6-difluo 

rophenyl) 
amino]-5-({l-[2-(l 

-piperidinyl) 
ethyl] - 1 jy benzim 

idazol- 6-yl}i^^tl^y 
lidene)-l,3-thiazc 
l-4(5iS>-one 


o 

N 




(CD3OD): 8.82 (s, IH), 7.84 (s, 
IH), 7.80 (s, IH), 7.70 (d, J= 8.8 
Hz, IH), 7.38 (d, c7= 8.4 Hz, IH), 
7.21 (m, IH), 7.05 (t, J= 8.0 Hz, 
2H), 4.50 (t, J= 6.8 Hz, 2H), 2.90 
(t, J= 6.8 Hz, 2H), 2.60 (bs, 4H). 
1.62 (m, 4H), 1.49 (m. 2H0 
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Example 33 

(5^-2-[(2-ChloroT)henyl)amino]-5-({l"[2-(dimethvlaminQ)ethvl]"^ 

'One 

5 (a) 4-Ammo-3-{[2-(dimethylamino)ethyl]amino}benzonitrile. Following the procedure 
outlined in Example 15(a), 3-metlioxy-4-nitrobenzonitrile was converted into 
4-amino-3-{[2-(dimetliylamino)ethyl]amino}benzonitrile in quantitative yield using 

N,N'dimethylethylenediamine as the nucleophile. 1H NMR (CDCI3): 5 7,01 (dd, </= 1.6, 

8.0 Hz, IH), 6.80 (d, e/= 1.6 Hz, IH), 6.65 (d, 8.0 Hz, IH), 3.98 (m, 2H), 3.12 (m, 2H), 
10 2.62 (t, 6.0 Hz, 2H), 2.26 (s, 3H). 

(b) l"[2-(Dimethylamino)ethyl]-2-methyHi7-benzimidazole-6-carbaIdehyde. The title 
compound was synthesized according to the procedure in Example 9(a) and 9(b), 
starting from 4-amino-3-{[2-(dimethylamino)ethyl]amino}benzonitrile. ^HNMR 

15 (CDCI3): 5 10.07 (s, IH), 7.88 (d, J = 1.2 Hz, IH), 7.77 (s, 2H0, 4.25 (m, 2H), 2.68 (s, 
3H), 2.67 (m, 2H), 2.31 (s, 6H), 

(c) (5Z)-2-[(2-Chlorophenyl)amino]"5-({ 1 -[2-(dimethy]amino)ethyl]-2-methyl- li^-benz 
imidazoI-6-yl}methylidene)-l,3"thiazol-4(5i^)-one. Knoevenagel coupling with 

20 2-[(2-chlorophenyl)amino]- 1 ,3-thiazol-4(5i^)-one was accomplished using the 
procedure of Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


33 


(5^-2-[(2-Chloropheny])amin 
o]-5-({l-[2-(dimethylamino)et 
hyl] -2-methyl- 1^-benzimidaz 
ol-6-yl}methylidene)- 1,3-thia 
zol-4(5^-one 


(CD3OD): 7.81 (s, IH), 7.60 (m, 2H), 7.47 (d, J"= 8.0 
Hz, IH), 7.36 (d, J= 8.0 Hz, IH), 7.32 (t, J= 7.6 Hz, 
IH), 7.18 (t, J= 7.6 Hz, IH). 7.08 (d, J= 7.6 Hz, 
IH), 4.28 (t, J= 7.2 Hz, 2H), 2.64 (t, J= 7.2 Hz, 
2H). 2.61 (s. 3H). 2.21 (s, 6H) 



Examples 34-40 

25 
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The following compounds were prepared according to the procedure of Example 33, 
using the requisite amine for N,N-dimethylethyIenediamine and substituting the 
appropriate thiazolone for 2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5i^)-one: 

5 



Example 


Compound name 


R3 


R 


NMR (400 MHz) 


34 


(5-^-2- [(2,6-dichlorc 

phenyl) 
amino]-5"({l-[2-(di 

metnylammo^ 
ethyl] ■2-methyM^ 
**benzimidazol"6-ylj^ 
methylidene) - 1, 3-th 
iazol-4(5.£&-one 


> 

Me 

\ 

N—Me 




(CD3OD): 7.84 (s, IH), 7.58 (m, 
2H), 7.44 (d, J= 8.0 Hz, 2H), 
7.36 (d, J= 8.8 Hz, IH), 7.15 (t. 
J= 8.0 Hz, IH), 4.28 (t, J= 6.8 
Hz, 2H), 2.64 (t, e7= 6.8 Hz, 
2H), 2.62 (s, 3H), 2.21 (s, 6H) 


35 


(5^-2-[(2,4-difluoro 

phenyl) 
amino J - 5 - ul " l2 ■ (.di 

methylamino) 
ethyl]-2-methyMJy 
■benzimida2ol"6-yl} 
methylidene)-l,3-th 
iazol-4(5J2)-*one 


Me 

\ 

N—Me 


F 


(CD3OD): 7.84 (s, IH), 7.61 (m, 
2H), 7.38 (dd, J= 1.2, 8.0 Hz, 
IH), 6.99-7.14 (m. 3H), 4.34 (t, 
J= 7.6 Hz, 2H), 2.74 (t, J= 7.6 
Hz, 2H), 2.63 (s, 3H), 2.31 (s, 
6H) 


36 


(5^-5-({l"[2-(dimet 

hylamino) 
e tny ij A me t ny 1- XJd 

-benzimidazol-6-yl} 
methylidene) - 2 ■ (ph 
enylamino)- 1,3-thia 
zol-4(5^-one 


Me 

\ 

N—Me 




(CD3OD, mixture of two 
isomers): 7.09-7.95 (m, 9H), 
4.28-4.39 (m, 2H), 2.61-2.76 (m, 
5H), 2.37 (s, 3H), 2.23 (s, 3H) 


37 


(5^"2-[(2,6-dichloro 

phenyl) 
amino] - 5-{[l- (2-hyd 
roxvethvl) * 2"methv 
1- l^benzimidazol- 
6-yl]methylidene}"l 
,3-thiazol"4(5jB)-on 
e 


OH 

< 




(CD3OD): 7.85 (s, IH), 7.63 (s, 
IH), 7.58 (d, J= 7.6 Hz, IH), 
7.35 (d, J-= 8.0 Hz, 2H), 7.32 (d, 
8.0 Hz, IH), 7.15 (t, J= 8.0 
Hz, IH), 4.32 (t, J= 4.4 Hz, 
2H), 3.85 (t, J= 4.4 Hz, 2H). 
2.64 (s, 3H) 


38 


(5^-2-[(2-chlorophe 
nyl) 

amino] - 5 - ({2 -methy 
rl-l2"U-pip^ridmyl 
)ethyl] - l^"benzimi 
dazol- 6 -yl}me thylid 
ene)-l,3-thiazol-4(5 
^■one 


O 

In 

N 




(CD3OD): 7.83 (s, IH), 7.60 (m, 
2H), 7.48 (d, J= 8.0 Hz, IH), 
7.44 (m, 2H), 7.18 (t, J= 8.0 Hz, 
IH), 7.09 (d, J= 7.2 Hz, IH), 
4.31 (t, J= 6.4 Hz, 2H), 2.65 (t, 
J= 6.4 Hz, 2H), 2.63 (s, 3H), 
2.43 (bs, 4H), 1.54 (m, 4H), 1.46 
(m, 2H) 


39 


(5^-2-[(2,6-dichloro 

phenyl) 
amino] ■ 5 ■ ({2 - methy 
l-l-[2-(l-piperidinyl 
)ethyl] - l^ffbenzimi 
dazol-6-yl}methylid 
ene)" l,3-thiazol-4(5 


o 

> 




(CD3OD): 7.85 (s, IH), 7.68 (m, 
2H), 7.44 (d, J= 8.4 Hz, 2H), 
7.34 (dd, J= 1.2, 8.0 Hz, IH), 
7.14 (t, J= 8.0 Hz, IH), 4.31 (t, 
J= 6.4 Hz, 2H), 2.65 (t, J= 6.0 
Hz, 2H), 2.63 (s, 3H), 2.44 (bs, 
4H), 1.54 (m, 4H), 1.46 (m, 2H) 
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40 


(5^-2- [(2,6- difluoro 

phenyl) 
amino] ■ 5 - ({2 -me thy 
1- l-[2-(l-piperidinyl 
)ethyl] - li?benzimi 
dazol- 6 -y Dmethy lid 
ene) - 1, 3 -thiazol-4(5 

-fiD-one 


O 

N ^ 




(CD3OD): 7.85 (s, IH), 7.59 (m, 
2H), 7.35 (dd, J= 1.2, 8.4 Hz, 
IH), 7.19 (m, IH), 7.05 (t, J = 
8.0 Hz, 2H), 4.33 (t, J= 6.8 Hz, 
2H), 2.69 (t, J'= 6.8 Hz. 2H), 
2.63 (s, 3H), 2.47 (bs, IH), 1.55 
(m, 4H), 1.47 (m, 2H) 



Example 41 

(5;^-2-r(2-Chlorop hfirivl)ami no1-54(l-met,hvl-2-{r2-(4 -morDhoMnvl)ethvl1amino}-li?ben 
7.1 mi d a y.nl -fi-vl)methvlidene1 -1.3 -thiazol- 4(5.55 -one 

5 



(a) 3-Methyl-2-oxo-2,3-dihydro-l/?-benzimidazole-5-carbonitrile. A 
suspension of 4-atnino-3-(methylainino)benzonitrile (0.500 g, 3.40 mmol) and 

1,1 '-carbonyldiimidazole (1.10 g, 6.80 mmol) in THF (8.5 mL) was stirred at room 
10 temperature for 2 days. The reaction mixture was filtered, the collected solid rinsed with 
small amounts of H2O and EtOAc, and dried to afford the cyclic urea (0.489 g, 83%) as 
a pink solid. Additional material could be recovered from the filtrate by separating the 
organic layer, washing with O.IN HCl (1 x 30 mL), brine (1 x 30 mL), and drying over 
Na2S04. After filtration, removal of solvent yielded 40 mg (7%) of additional product 
15 lHNMR(d6-acetone): 8 10.23 (bs, IH), 7.46 (s, IH), 7.42 (dd,7= 1.6, 8.0Hz, IH), 7.20 
(d, J= 8.0 Hz, IH), 3.40 (s, 3H). 

(b) 2-Chloro-l-methyHiy-benzimidazole-6-carbonitrile. A mixture of 
3-methyl-2-oxo-2,3-dihydro-li7-benzimidazole-5-carbonitrile (0.219 g, 1.26 mmol) in 

20 POCI3 (2.5 mL) was heated to 105 °C overnight. Upon cooling, the excess POCI3 was 
removed under reduced vacuum, the residue diluted with H2O and CH2CI2, and the 
solution made basic with IN NaOH. The layers were separated and the aqueous layer 
further extracted with CH2CI2 (2 x 30 mL). The combined organic layers were dried 
(Na2S04), filtered, and concentrated to afford the 2-chlorobenzimidazole (0.191 g, 

25 80%) as atan solid. iHNMR (CDCI3): 5 7.76 (dd, J= 0.8, 8.0 Hz, IH), 7.65 (dd, J= 0.8, 
1.6 Hz, IH), 7.55 (dd, J= 1.6, 8.0 Hz, IH), 3.85 (s, 3H). 
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(c) 

1 -Methyl-2- { [2-(4-morphoiinyl)ethyl]amino}- lii/-benzimid A 
solution of 2-chloro-l -methyl- l/f-benzimidazole-6--carbonitrile (50 mg, 0.262 mmol) 
and 4-(2-ammoethyl)morpholine (136 mg, 1 .05 mmol) in EtOH (1 .3 mL) was heated in 
5 a sealed vial to 80 °C for 24 h. The cooled reaction mixture was concentrated and the 
crude residue purified by column chromatography to yield the 2-aminobenzimidazole 
(66 mfe 88%). IH NMR (CDCI3): 5 7.45 (d, 7= 8,4 Hz, IH), 7.39 (dd, J- 1.2, 8.4 Hz, 
IH), 7.32 (d, J- 0.8 Hz, IH), 5.25 (m, IH), 3.74 (t, J= 4.8 Hz, 4H), 3.64 (m, 2H), 3.53 
(s, 3H), 2.70 (t, J= 5.6 Hz, 2H), 2.53 (t, 4.4 Hz, 4H). 

10 

(d) 

1 -Methyl-2- { [2-(4-morpholinyl)ethyl]amino} - liy-benzimidazole-6-carbaldehyde. 
Following the procedure of Example 9(b), the benzimidazole-6-carbomtrile from 
Example 41(c) was reduced to the aldehyde in 73% yield. iH NMR (CDCI3): 5 9.56 (s, 
15 IH), 7.63 (m, 2H), 7.50 (d, J= 8.0 Hz, IH), 5.27 (bs, IH), 3.74 (t, J= 4.8 Hz, 4H), 3.66 
(app. quartet, 4.8, 1 1.2 Hz, 2H), 3.56 (s, 3H), 2.71 (t, J= 5.6 Hz, 2H), 2.54 (t, J= 4.4 
Hz,4H). 



(e)(5Z)-2-[(2-Chlorophenyl)amino]-5-[(l-methyl-2-{[2-(4-morpholinyl)ethyl]ami 
20 no}-l//-benzimidazol-6-yl)methylidene]-l,3-thiazol-4(5iy)-one. Knoevenagel coupling 
with 2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5ii]r)-one was accomplished using the 
procedure of Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


41 


(5^"2-[(2-Chloro- 
phenyl)- 
amino]-5-[(l-methyl- 
2-{[2-(4-morpholinyl) 
ethyl]- amino}- l-ET- 
benzimidazol- 
6-yl)methylidenel" 1,3- 
thiazol-4(5^ -one 


(dg-acetone): 7.76 (s, IH), 7.51 (m, IH), 
7.37 (t, 7.2 Hz, IH), 7.30 (m, 2H), 
7.21 (m, 2H), 7,16 (m, IH), 3.60 (m, 
lOH), 2.64 (m, 2H). 2.49 (bs, 4H) 
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Examples 42-45 




5 The following compounds were prepared according to the procedure of Example 41, 
using the requisite amine for 4-(2-aminoethyl)morphoIine and substituting the 
appropriate thiazolone for 2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5i?)-one: 



Example 


Compound name 


R2 


R 


NMR (400 MHz) 


42 


(5^-2-[(2,6-dichlo 

i*ophenyl) 
amino] -5" [(1 -met 
hyl"2-{[2-(4-morp 

holinyl) 
ethyl] amino} - IH- 
benzimidazol-6-yl 
) methyUdene] -1,3 
■thiazol-4(5jS)"on 
e 


HN 

■ O 




(CDgOD): 7.67 (s, IH), 7.41 (d, 

8.4 Hz, 2H), 7.28 (m, IH), 7.19 
(m 2H) 7 11 (m IH) 3 71 (m 
4H), 3.59 (m, 2H), 3.50 (s, 3H), 
3.08 (t, J= 7.2 Hz, 2H), 2.68 (m, 
2H), 2.55 (m, 4H) 


43 


(5^-2-[(2,4-difluo 

rophenyl) 
amino] " 5 - [( 1 -met 
hyl-2-{[2-(4-morp 

holinyl) 
ethyl] amino}" IH^ 
benzimidazol-6-yl 
)methylidene] - 1, 3 
■ thiazol- 4(5^ -on 
e 


HN 

I 

o 


& 

F 


(CDgOD): 7.74 (s, IH), 7.37 (m, 
IH). 7.29 (m, IH), 7.22 (m, IH), 
7.06 (m, 3H), 3.70 (bs, 4H), 3.59 
(m, 2H), 3.52 (s, 3H). 2.68 (m, 
2H), 2.56 (bs, 4H). 


44 


(5^-2-[(2-chlorop 

henyl) 
amino]-5-[(2-{[2-( 
dimethylamino) 
ethyl] amino} " 1-m 
ethyl- l^benzimi 
daz ol ■ 6 -y 1) methyl 
idene] -1,3 - thiazol 
-4(5£0-one 


HN 

N— Me 
/ 

Me 




(GD3OD): 7.71 (s, IH), 7.47 (d, J= 

7.6 Hz, IH), 7.32 (m, 2H), 7.17 
(m, 3H), 7.10 (m, IH), 3.61 (t, J= 
6.0 Hz, 2H), 3.51 (s, 3H), 2.73 (t, J 
= 6.4 Hz, 2H), 2.39 (s, 6H) 
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45 



(5^-2-[(2-chlorop 

heuyl) 
aminol-5"({2-[(2-h 

ydroxyethyl) 
amino] -l-me thyl- 
liybenzimidazol- 
6-yl}methylidene) 
-l,3-thiazol-4(5i3) 



-one 



HN 



OH 




(CD3OD): 7.76 (s, IH), 7.48 (d, c7= 
8.0 Hz, IH), 7.33 (t, c7= 7.6 Hz, 
IH), 7.28 (dd, c7= 0.8, 7.2 Hz, IH), 
7.20 (m, 3H), 7.09 (m, IH), 3.76 
(t, c7= 5.2 Hz, 2H), 3.56 (t, e7"= 5.2 
Hz, 2H), 3.51 (s, 3H) 



Example 46 

r5Z>-2-r(2-Chlorophenvnamino]-5-iri-methvl-2-f4-mo^^ 
dazol-6-vllmethvlidene>- 1 .3-thiazol-4(5iin-one 

5 

(a) 2-(Chloromethyl)-l-methyl-liy-benzimidazole-6-c To a 
mixture of 4-amino-3-(methylamino)benzonitrile (0.20 g, 1.36 mmol) in EtOH (6.8 
mL) was added ethyl 2-chloroethanimidoate hydrochloride (0.43 g, 2.72 mmol; 
prepared according to Stillings et al in J. Med, Chem. 1986, 29, 2280-2284). The 

10 mixture was stirred overnight and the solvent removed. The residue was diluted with 
H2O and extracted with CH2CI2 (3 x 20 mL). The combined organic layers were dried 
(Na2S04), filtered and concentrated under reduced vacuum to afford the crude 
benzimidazole (0.266 & 95%). NMR (CDCI3): 5 7.82 (d, J= 8.4 Hz, IH), 7.72 (s, 
IH), 7.56 (dd, J= 1.2, 8.4 Hz, IH), 4.86 (s, 2H), 3.93 (s, 3H). 

15 

(b) l-Methyl-2-(4-morpholinylmethyl)-l/f-benzimidazole-6-carbonitrile. To a 
mixture of 2-(chloromethyl)-l -methyl- li^-benzimidazole-6-carbonitrile (60 mg, 
0.293 mmol) in EtOH (1 mL) was added morpholine (0.1 mL, 1.17 mmol). The 
mixture was heated to reflux for 1 h, cooled and concentrated to dryness. The residue 

20 was taken up in CH2CI2 and treated with sat. aq. NaHCOs- The layers were separated 
and the aqueous layer further extracted witih CH2CI2 (2x). The combined organic 
layers were dried over Na2S04, filtered and the solvent removed in vacuo to provide 
the 2.methylmorpholino benzimidazole (73 mg, 100%). iHNMR (CDCI3): 5 7.78 (d, 
J= 8.4 Hz, IH), 7.69 (s, IH), 7.52 (dd, 1.2, 8.4 Hz, IH), 3.93 (s, 3H), 3.85 (s, 2H), 

25 3.70 (t, J= 4.8 H, 4H), 2.54 (t, J= 4.8 Hz, 4H). 

(c) l-Methyl-2-(4-morpholinyImethyl)-l/3r-benzimidazole-6-carbaldehyde. 
Following the procedure of Example 9(b), the benzimidazole-6-carbonitrile from Example 

46(b) was reduced to the aldehyde in 100% yield. ^HNMR (CDCI3): 5 10.10 (s, IH), 7.95 (s. 
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IHX 7.83 (d, J- 8.0 Hz, IH), 7.79 (dd, J= 1.2, 8.0 Hz, IH), 3.97 (s, 3H), 3.86 (s, 2HX 3.71 (t, 
J= 4.8 Hz, 4H), 2.55 (t, J= 4.8 Hz, 4H). 

(d) (5Z)-2- [(2-ChlorophenyI)amino]~5- { [ 1 -methyl-2-(4-'morpholinylmethyl)- l/f- 
5 benzimidazol-6-yl]methylidene} - 1 ,3-thiazol-4(5iy)-one. Knoevenagel coupling with 

2-[(2-chlorophenyl)amino]-l,3-.thiazol-4(5iy)-one was accomplished using the procedure of 
Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


46 


(5^-2-[(2-Chloro- 
phenyl)" 
amino] - 5 ' [( 1 -me thy 1- 
2"{[2-(4-morpholinyl)ethyl] - 
amino}- l-£Fbenzimidazol-6"yl)methyli 
dene] - 1,3- 
thiazol-4(5£S-one 


(CD3OD): 7.81 (s, IH), 7.62 (m, 2H), 7.47 
(dd, c7= 1.2, 8.0 Hz, IH), 7.38 (d, c/= 8.4 
Hz, IH), 7.32 (dt, e/= 1.2, 7.6 Hz, IH), 
7.18 (dt, c/= 1.2, 8.0 Hz, IH), 7.09 (dd, J= 
0.8, 7.6 Hz, IH), 3.91 (s, 3H), 3.83 (s, 2H), 
3.66 (bs, 4H), 2.50 (bs, 4H) 



10 Examples 47-49 




The following compounds were prepared according to the procedure of Example 46, 
15 using the requisite amine nucleophile and substituting the appropriate thiazolone for 
2-[(2-chlorophenyl)amino]- 1 ,3-thiazol-4(5jH)"One: 
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Example 


Compound name 


R2 


R 


NMR (400 MHz) 


47 


(5^-2-[(2,6-diclilorophe 
nyl)amino]-5-{[l-methy 
l-2-(4-morpholinyImeth 
yl) - 1^-benzimidazol- 6 - 
yl] methylidene} ■ 1 , 3 - thi 
azol-4(5£&-one 


■) 

J — N 

o 


CI 

cr^^ 


(CDgOD): 7.68 (m, IH), 7.60 
(m, 2H), 7.40 (m, 3H), 7.09 
(m, IH), 3.90 (s, 3H), 3.82 (s, 
2H), 3.67 (bs, 4H), 2.50 (bs, 
4H) 


48 


(5^-2-[(2-chlorophenyl) 
amino] - 5 - ({ 1 -me thyl- 2 - [ 
(4-methyl- 1 -pip er azinyl 
)methyl] ■ luffbenzimida 
zol-6-yI}methylidene)-l, 
3-tliia2ol-4(5J^"one 


J N 

o 

/ 

Me 




(CD3OD): 7.90 (m, IH), 7.87 

is, IH), 7.80 (m, IH), 7.64 (m, 
IH), 7.47 (d, J= 7.6 Hz, IH), 
7.30 (t, J= 6.8 Hz, IH), 7.19 
(t, J== 7.2 Hz, IH), 7.08 (m, 
IH), 4.17 (m, 2H), 3.99 (s, 
3H), 3.50 (m, 2H), 3.12 (m, 
4H), 2.92 (s, 3H), 2.70 (m, 
2H) 


49 


(5^-2-[(2,6-dichlorophe 
nyl) amino] - 5-({l-methy 
l-2-[(4-metliyl-l-pipera 
zinyl) methyl] - 1^-benzi 
midazoI-6-yl}methylide 
ne)-l,3-thia2ol-4(5^-o 
ne 


/ N 

o 

/ 

Me 


Cl 

^^^^^^^^^ 


(CD3OD): 7.90 (s, IH), 7.89 
(s, IH), 7.78 (d, J= 8.4 Hz, 
IH), 7.67 (t, J= 7.6 Hz, IH), 
7.44 (d, J= 8.0 Hz, 2H), 7.15 
(t, J = 8.4 Hz, IH), 4.14 (s. 
2H), 3.98 (s, 3H), 3.50 (m. 
2H), 3.12 (m, 4H), 2.91 (s, 
3H), 2.68 (m, 2H) 



Example 50 

(5Z)-2-r(2-ChlorophenvDamino1-5-iri-methvl-2-(trifluoromethvlVliy^^ 
ol-6-vl1metfavlidenel - 1 .3-thiazol-4('5iy)-one 

5 



(a) l-Methyl-2-(trifluoromethyl)-lif-baizimidazole-6-carboniM^ 
4-Amino-3-(methylamino)benzonitrile (80 mg, 0.544 mmol) andtrifluoroacetic acid 
(1.1 mL) were heated to reflux for 6 h. Upon cooling, the excess TFA was removed 
10 under reduced pressure and sat. aq. NaHCOs carefully added. A beige solid 
precipitated, which was filtered, rinsed with H2O and dried to afford the 
2-trifluoromethyl benzunidazole (100 mg, 82%). iH NMR (CDCI3): 5 7.98 (d, J= 
8.0 Hz, IH), 7.84 (s, IH), 7.65 (dd, J= 1.2, 8.0 Hz, IH), 4.01 (s, 3H). 

15 (b) 1 -Methyl-2-(trifluoromethyl)- 1 /f-benzimidazole-6-carbaldehyde. 

Following the procedme of Example 9(b), the benzimidazole-6-carbonitrile from 
Example 50(a) was reduced to the aldehyde in 70% yield. iR NMR (CDCI3): 
8 10.15 (s, IH), 8.06 (s, IH), 8.01 (d, J= 8.4 Hz, IH), 7.92 (d, J= 8.0 Hz, IH), 4.04 
(s,3H). 
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(c)(5Z)-2-[(2-Chlorophenyl)amino]-5- { [1 -methyl~2-(trifluoromethyl)- 1 H-h 
enzimidazol-6-yl]methylidene}-13-thiazol-4(5i^)-one. Knoevenagel coupling with 
2-[(2-cMorophenyl)amino]-l,3-thiazol"4(5ii/)-one was accomplished using the 
procedure of Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


50 


(5^-2-[(2-Chloropheny])- 
amino] - 5-{[l-methyl-2- 

(tr ifluor omethyO ■ 
l^benzmiidazol-6-yl]- 
methylidene} -1,3- 
thiazol-4(5^-one 


(CD3OD): 7.88 (s, IH), 7.82 (m. 2H), 7.52 (d, J= 
8.8 Hz, IH), 7.48 (d, J= 8.0 Hz, IH), 7.33 (t, J= 
7.6 Hz, IH), 7.19 (t, J= 7.6 Hz, IH), 7.10 (d, J= 
7.6Hz, IH), 3.99(s, 3H) 



Examples 51-52 




The following compounds were prepared according to the procedizre of Example 
50, using the requisite diaminobenzonitrile starting material and substituting the 
appropriate thiazolone for 2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5i?)-one: 



Example 


Compound name 


R3 


R 


NMR (400 MHz) 


51 


(5^-2-[(2,6-dichlorophenyl) 
amino]-5"{[l-methyl-2-(tri£L 
uoromethyD-l^benzimida 
zol-6-yl]methyhdene}-l,3"t 
hiazol- 4(5^ -one 


Me 


CI 


(CDgOD): 7.90 (s IH), 
7.81 (m, 2H), 7.50 (dd, 
J = 0.8, 8.4 Hz, IH), 
7.44 (d, J = 8.4 Hz, 
2H), 7.15 (d, J= 8.0 
Hz, IH), 4.00 (s, 3H) 


52 


(5^"2-[(2,6-dichlorophenyl) 
amino]-5"{[l-[2-(dimethyla 
mino)ethyl] -2-(tri£luoromet 
hyl) - l^-benzimidazol-6-yl] 
methyhdene}- l,3-thiazoI-4( 
5^ -one 


Me 

\ 

N— Me 


CI 


(CDgOD): 7.90 (m, 

3H), 7.55 (d, J= 8.0 
Hz, IH), 7.46 (d, J = 
8.0 Hz, 2H), 7.17 (t, J 
= 8.0 Hz, IH), 3.59 (m, 
2H), 3.06 (m, 2H), 
3.02 (s, 6H) 
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Example 53 

(5Z)-2-[r2-Chlorophenvnamino1-5- 1 12-( 1 . 1 -dimethvlethyl V 1 -methyl- lij-benzimidaz 
ol-6-yl1methylidene> - 1 3 -thiazQl-4(5iiD-oiie 

5 (a) 2-( 1 , 1 -Dimethylethyl)- 1 -methyl- li^T-benzimidazole-e-carbonitrile. To a 

mixture of Cu(OAc)2 (800 mg, 4.76 mmol) in AcOH (3.6 mL) and H2O (L2 mL), 
heated to 55 °C, was added 4-aniino-3-(methylamino)benzonitrile (70 mg, 0.48 mmol) 
and pivaldehyde (57 iLiL^ 0.52 mmol). Heating was continued for 2 h, then the solvent 
was removed under reduced pressure. EtOAc (50 mL) was added, which was washed 
10 with sat. aq. NaHC03. The layers were separated, the aqueous layer extracted with 

EtOAc (20 mL), and the combined organic layer washed with brine (2 x 20 mL), dried 
(Na2S04), filtered and concentrated to afford the 2-^butyl benzimidazole (86 mg, 
85%). lHNMR(CDCl3):5 7.78(d, J=8.4Hz, 1H),7.62(4 J= L2Hz, 1H),7.50 (dd, 
J= L2, 8.4 Hz, IH), 3.95 (s, 3H), 1.58 (s, 9H). 

15 

(b) 2-(l5l-Dimethyletliyl)-l-methyl-li/-benzimidazole-6-carbaldehyde. 
Following the procedure of Example 9(b), the benzimidazole-6-carbonitrile from 
Example 53(a) was reduced to the aldehyde in 93% yield. iH NMR (CDCI3): 5 10.08 
(s, IH), 7.89 (s, IH), 7.84 (d, J= 8.4 Hz, IH), 7.77 (dd, J== L2, 8.4 Hz, IH), 3.99 (s, 
20 3H), 1.59 (s,9H). 



(c)(5Z)-2- [(2-Chlorophenyl)amino]-5- { [2-( 1 , 1 -dimethylethyl)- 1 -methyl- liY-b 
enzimidazol-6-yl]methylidene}-l,3-thiazol-4(5jF/)-one. Knoevenagel coupling with 
2-[(2-chlorophenyl)amino]-l,3"-thiazol-4(5ii0-one was accomplished using the 
25 procedure of Example 1(e). 



Example 


Compound name 


NMR (400 MHz) 


63 


(5^-2- [(2-chlorophenyl) amine 
5-{(2-(l, 1-dimethylethyl)- 1-mi 
hyl-l^benzimidazol-6-yl]mei 
ylidene}-l,3-thiazol-4(5^-on 


(CD3OD): 7.97 (s, IH), 7.87 (s, IH), 7.80 (d, J= 8.8 E 
IH), 7.70 (d, J= 8.4 Hz, IH), 7.47 (d, J= 8.0 Hz, 11 
7.32 (dt, J= 0.8, 7.6 Hz, IH), 7.19 (dt, =/= 1.2, 8.0 E 
IH), 7.08 (dd, J= 1.2, 7.6 Hz, IH), 4.17 (s, 3H), 1.66 
9H) 
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Example 54 

(5 Z)-2- r(2.6-Dichlorophenvnam ino 1-5- 1 \2-( 1 . 1 -dimethvlethvlV 1 -methyl- liy-benzimi 
dazol-6-vl1methvlidenel-L3-t hiayo1-4(5iy)-one 

5 The title compound was prepared according to the procedure of Example 53, 

except substituting 2-[(2,6-dichlorophenyl)amino]-l,3-thiazol-4(5Jf)-one for 
2-[(2-chlorophenyl)amino]- 1 ,3-thiazol-4(5i?)-one: 



Example 


Compound name 


NMR (400 MHz) 


54 


(5^-2-[(2,6-dicliloroplienyl)ar 
no] -5-{[2-(l, l-dimethylethyD- 
methyl- liJ-benzimidazol-6-yl] 
ethylidene}- l,3-thiazol-4(5i2) 
ne 


(CD3OD): 7.94 (s, IH), 7.91 (s, IH), 7.81 (d, c7- 8.4 E 
IH), 7.68 (d, c7= 8.4 Hz, IH), 7.44 (d, c7= 8.4 Hz, 21 
7.15 (t, 8.4 Hz, IH), 4.18 (s, 3H), 1.66 (s, 9H) 



10 

Example 55 

(5Z^-2-rf2-Chloror>henvnamino1-5-rfl-methvl-liy-L23-b enzotriazol-6-vnmethvlidene 
1- 1.3-thiazol-4(5g)-one 

15 (a) l-Methyl-liy-l,2,3-benzotriazole-6-carbonitrile. To a 0 °C mixture of 

4-amino-3-(methylamino)benzonitrile (60 mg, 0.408 mmol) in cone. HCl (0.55 mL) was 
added NaN02 (3 1 mg, 0.449 mmol) in H2O (0.2 mL). The mixture was allowed to warm 
to room temperature and stirred for 1 h. After recooling to 0 °C, the mixture was treated 
with 6N NaOH until basic, the precipitate filtered, rinsed with H2O and dried to afford 

20 the benzotriazole nitrile (50 mg, 77%). NMR (CDCI3): 5 8.19 (d, J= 8.4 Hz, IH), 
7.95 (s, IH), 7.62 (d, J = 8.4 Hz, IH), 4.38 (s, 3H). 

(b) l-Methyl-liI-l,2,3-benzotriazole-6-carbaldehyde. Following the procedure 
of Example 9(b), the benzimidazole-6-carbonitrile from Example 55(a) was reduced to 
25 the aldehyde in 92% yield. iH NMR (CDCI3): 8 1 0.20 (s, IH), 8.20 (d, J= 8.8 Hz, IH), 
8.11 (t, J= 1.2 Hz, IH), 7.93 (dd,>= 1.2, 8.8 Hz, IH), 4.41 (s, 3H). 



(c)(52)-2-[(2-Chlorophenyl)amino]-5-[(l-methyl-l^-l,2,3-benzotriazol-6-yl)m 
ethylidene]-!, 3-thiazol-4(5ii)-one. Knoevenagel coupling with 
30 2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5i^)-one was accomplished using the 
procedure of Example 1(e). 
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Example 


Compound name 


NMR (400 MHz) 


55 


(5-2) -2 - [(2 - Chlorophenyl 

) amino] -5" 
[(l-methyMJy-l,2,3-be 
nzotriazol- 6 -y 1) methyli 

dene]- 
l,3-thiazol"4(5J50"one 


(CD3OD): 8.01 (d, 9.2 Hz, 
1 7 R7 2H) 7 53 (d J = 

1.0 / Vo, £iXX/ J 1 .«-»tj e/ — 

9.6 Hz, IH), 7.48 (d, J= 7.6 Hz, 
IH), 7.33 (dt, J= 0.8, 7.2 Hz, 
IH), 7.19 (m, IH), 7.09 (d, c7= 
8.0 Hz, IH), 4.32 (s, 3H) 



Examples 56-58 




The following compounds were prepared according to the procedure of Example 
55, using the requisite diaminobenzonitrile starting material and substituting the 
appropriate thiazolone for 2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5/f)-one: 



Example 


Compound name 


R3 


R 


NMR (400 MHz) 


56 


(5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-[(l-meth 
yMiJvl,2,3-benzot 
riazol-6-yl)methyli 
dene] - 1, 3"thiazol- 

4(5^ -one 


Me 


/ 

>^ 
/ 


iT 




(CDgOD): 8.01 (d, J= 8.8 Hz, 
IH), 7.91 (s, IH), 7.87 (s, IH), 
7.52 (d, J= 8.8 Hz, IH), 7.44 (d, J 
= 8.0 Hz, 2H), 7.16 (t, J= 8.0 Hz, 
IH), 4.32 (s, 3H) 


57 


(5^-2-[(2-chloroph 

enyl) 
amino]"5-({l-[2-(di 

methylamino) 
ethyl]-li?l,2,3-be 
nzotriazol-6-yl}me 
thylidene) - 1, 3-thia 

zol"4(5^"one 


Me 

\ 

N— Me 








(CDgOD): 8.10 (d, J= 8.8 Hz, 
IH), 7.96 (s, IH), 7.89 (s, IH), 
7.60 (d, J= 10.0 Hz, IH), 7.48 (d, 
J= 8.0 Hz, IH), 7.33 (t, J= 7.6 
Hz, IH), 7.19 (dt, J= 1.2, 7.6 Hz, 
IH), 7.08 (d, J= 8.0 Hz, IH), 5.15 
(t, J= 6.0 Hz, 2H), 3.87 (t, J= 5.6 
Hz, 2H), 3.01 (s, 6H) 


58 


(5^-2-[(2,6-dichlo 

rophenyl) 
amino]-5-({l-[2-(di 

methylamino) 
ethyl] -1^-1,2,3-be 
nzotriazol- 6 "yl}me 
thylidene) - 1, 3-thia 

zol-4(5-E0"one 


Me 

\ 

N— Me 


t 

/ ^ 






(CD3OD): 8.10 (d, J= 8.4 Hz, 

IH), 7.97 (s, IH), 7.91 (s, IH), 
7.57 (d, J= 8.4 Hz, IH), 7.44 (d, J 
= 8.0 Hz, 2H), 7.16 (t, J= 8.0 Hz, 
IH), 5.16 (t. J= 6.0 Hz, 2H), 3.88 
(t, J= 6.0 Hz, 2H), 3.01 (s. 6H) 
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Example 59 

2-(2,6-Dichloro-phenvliminoV5-(2-methvl-benzooxazol-6"Yl-methyleneVtMa 

5 

a) 2-MetlivPbenzQOxazQle-6"carbQxvlic acid methvl ester 

A suspension of methyl 4-amino"3-liydroxy-benzoate (30 g, 0.18 mol) in 
triethylorthoacetate (90 mL) was heated to 100 for 3 hours. Ethanol (150 mL) was 
10 added followed by water (50 mL). The reaction mixture was filtered to yield 25 g 
(72 % yield) of pxire 2-methyl-benzooxazole-6-carboxylic acid methyl ester. ^H-NMR 
(CDCI3): 5 2.67 (s, 3H), 3.94 (s, 3H), 7.65 (d, IH, J=8.1 Hz), 8.02 (dd, IH, J=8.1 Hz, 
J'=1.5 Hz), 8.15 (d, IH, J=1.5 Hz). LC MS (m/e) = 192.2 (MH+). Rt = 1.70 min 

15 b) (2-Methyl"benzooxazol"6-vl)'methanol 

To the solution of 2"methyl-benzooxazole-6-carboxyHc acid methyl ester (25 g, 0.13 
mol) in THF (500 mL) at —20 was added a solution of lithium aluminum hydride 
(4.81 g, 130 mL of 1 M solution in THF, 0.13 mmol, 1 eq) and the reaction mixture 

20 was allowed to warm up to the room temperature overnight. Water (5 mL) followed 
by 1 M NaOH solution (5 mL) followed by water (15 mL) was added and the reaction 
mixture was stirred for 15 min at the room temperature. The suspension was filtered, 
liquid evaporated and purified by column chromatography (1-3 ethyl acetate: 
dichloromethane) to give 12.5 g (58 % yield) of pure 

25 (2-methyl-benzooxazol-6"yI)-methanoL iH-NMR (CDCls): 5 2.64 (s, 3H), 4.82 (s, 2H), 
7.29 (d, IH, J=8 Hz), 7.53 (s, IH), 7.62 (d, IH, J=8 Hz). LC MS (m/e) = 164.2 (MH+). 
Rt = 1.03 min. 

c) 2"Methvl-'benzooxazole"6-carbaldehvde 

30 

To the solution (2-methyl-benzooxazol-6-yl)"methanol (12.5 g, 76 mmol) in 
dichloromethane (200 mL) was added pyridinium chlorochromate (20 g, 93 mmol, 1.2 
eq) and the reaction mixture was stirred for 1 hour at the room temperature. Celite 
(10 g) was added followed by decolorizing cai'bon (2 g) and the reaction mixture was 
35 filtered after 15 min of stirring. After evaporation the crude product was purified 
column chromatography (l-lO ethyl acetate- dichloromethane) of give 8.2 g (66 % 
yield) of pure 2-methyl-benzooxazole-6-carbaldehyde. ^H-NMR (CDCI3): 5 2.73 (s, 3H), 
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7.79 (d, IH, J=8.1 Hz), 7.88 (dd, IH, J=8.1 Hz, J'=1.2 Hz), 8.03 (d, IH, J=1.2 Hz), 
10,09 (s, IH). LC MS (m/e) = 162.2 (MH+). Rt = 1.47 min. 

d) 2-(2,6-Dichloro-phenyUi]aino)-5-(2-methyl"benzooxazol-6Tl"m 
- thiazoKdin" 4- one 

To the solution of 2-(2,6 dicliloro-phenyKinino)-thiazolidin-4-one (483 mg, 1.85 mmol) 
in acetic acid (8 mL) was added 2-methyl-benzooxazole-6-carbaldehyde (300 mg, 1.85 
mmol, 1 eq) followed by sodium acetate (0.8 g). The reaction mixture was refluxed for 
48 hours and water (10 mL) was added. Solid was filtered and purified by column 
chromatography (l:5 ethyl acetate :dichloromethane) to give 110 mg (15 % yield) of 
pure 

2-(2,6-dichloro-phenyhmino)-5-(2-methyl-benzooxazol-6Tl-niethylene)-thiazolidin"4- 
one. iH-NMR (CDCI3): 5 2.69 (s, 3H), 7.12 (t, IH, J=8.1 Hz), 7.36 (d, 3H, J=7.8 Hz), 
7.56 (s, IH), 7.70 (d, IH, J=8.1 Hz), 7.88 (s, IH), 9.69 (s, IH). LC MS (m/e) = 404.0 
(MH+). Rt = 2.36 min. 

Example 60. 

2-(2,6"Difluoro-phen vlinuno)-5-(2-methvl"benzooxazol-6>vl-methvleneVtMazolidm-4- 
Following the procedure of example 59 (d), starting fi-om 

2-(2,6-difluoro-phenylimino)-thiazolidin-4-one, the title compound was prepared as a 
yellow soHd (82 mg, 22%). iH-NMR (CDCI3): 5 2.69 (s, 3H), 7.30 (t, 2H, J=7.9 Hz), 
7.15 (m, IH), 7.41 (d, IH, J=8.3 Hz), 7.57 (s, IH), 7.70 (d, IH, J=8.1 Hz), 7.81 (s, IH), 
LC MS (m/e) = 372.0 (MH+). Rt = 2.13 min. 

Example 61. 

2-(2-Fluoro-nhenvhmi noV5-f2--methvl-benzooxazol-6-vl-methvleneVt^ 

To the solution of 2-(2,6-difluoro-phenylimino)-thiazolidin-4-one (105 mg, 0.5 mmol) 
in ethanol (5 mL) was added 2-methyl-benzooxazole-6-carbaldehyde (80 mg, 0.5 
mmol, 1 eq) followed by piperidine (O.l mL). The reaction mixture was refluxed for 
48 hours and diethyl ether (3 mL) was added. Solid was filtered to give 58 mg (33 % 
yield) of pure 

2-(2-fluoro-phenyhmino)-5-(2-methyl-benzooxazol-6-yl-methylene)-thiazoHdin-4-one. 
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LC MS (m/e) = 354.2 (MH+). Rt = 2.11 min. 

Examples 62-71 




The following compounds were prepared according to the procedure of Example 61, 
except substituting the appropriately substituted thiazolidinone for 
2-(2,6-difluoro-phenylimino)-thiazolidin-4-one. 



Example 


Product name 


Thiazolidinone 
substituted 


LCMS 
(m/e) 


Rt (miiO 




2-(2-Chloro-phenylimino) 
-5-(2-methyl-benzooxazol 
-6-vlm eth vl eneVthiazolid 
in-4-one 


C) 


370.0 


2.23 


63 


2-(2"Trifluromethyl-phen 
ylimino)-5-(2-methyl-ben 
zooxazol-6-ylmethylene)- 
thiazolidin-4-one 


F 

F J/F 


404.0 


2.34 


64 


2-(2,4-Difluoro-phenylim 
ino)-5-(2-methyl-benzoox 
azol-6-ylmethylene)-thiaz 
olidin-4-one 




372.0 


2.16 


65 


2-(2, 5 -Dichloro-phenylim 
ino)-5-(2-methyl-benzoox 
azol-6-ylmethylene)-thiaz 
olidin-4-one 




404.2 


2.46 


66 


2-(2,4-Dimethyl-phenyli 
mino)-5-(2-methyl-benzo 
oxazol-6-ylmethylene)-thi 
azolidin-4-one 




364.2 


2.31 
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67 


2-(4-Cyano-phenylimino) 
-5-(2-methyl-benzooxazol 
-6-ylmetliylene)-thiazolid 
in-4-one 




361.0 


2.07 


68 


4- [5-(2-Methyl-benzooxa 
zol-6'-ylmethylene)-4-oxo 
-thiazolidin-2'-ylideneami 
no]-benzoic acid 


o 


380.0 


1.99 


69 


2-(254-Dichloro-phenylim 
ino)-5-(2-methyl-benzoox 
azol-6-ylmethylene)-thia2: 
olidin-4-one 




404.0 


2.52 


70 


2-(2,5-Difluoro-phenylim 
ino)-5-(2-methyl-benzoox 
azol-6-ylmethylene)-thiaz 
olidin-4-one 


F 


372.0 


2.20 


71 


5-(2-Methyl"benzooxazol 
-6-ylmethylene)-2-phenyl 
imino-thiazolidin-4-one 




336.2 


2.11 



Example 72 



5-(2-Methvl-benzooxazol-6-vlme1hvlene')-2-(2-piperidin-l-vl-ethvlimino^ 
5 n-4-one 

a) 5-(2-Methyl-benzooxazol-6-ylme1hylene)-2-iMoxo-thiazolidin-4-one 

To the solution of rhodanine (1.21 g, 10 mmol) in ethanol (50 mL) was added 
10 2-methyl-benzooxazole-6-carbaldehyde (1.61 mg, 10 mmol, 1 eq) followed by 

pyridine (1 mL). The reaction mixture was refluxed for 24 hours cooled to the room 
temperature. Solid was filtered to give 1.3 g (47 % yield) of pure 
5-(2-methyl-benzooxazol-6-ylmethylene)-2-thioxo-thiazolidin-4-one. ^H-NMR 
(DMSO): 5 2.67 (s, 3H), 2.85 (s, 3H), 7.66 (dd, IH, J=8.3 Hz, J'=1.7 Hz), 7.82 (d, IH, 
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J=8.3 HzX 8.00 (s, IH), 8.02 (d, IH, J=1.7 Hz). LC MS (m/e) = 277.0 (MH+). Rt = 
2.02 min. 

b) 5-(2-Methyl-benzooxazol-6-ylmethylene)-2-methylsulfanyl^^^ 

5 

To the solution of 

5-(2-methyl-benzooxazol-6-ylmethylene)-2-thioxo-thiazoH (200 mg, 0.72 

mmol) in ethanol (5 mL) was added diisopropyl ethyl amine (0.185 mL, 1 .44 mmol, 2 
eq) followed by iodomethane (0.216 mL, 3.5 mmol, 5 eq). The reaction mixture was 
10 stirred overnight, then filtered. Solid was washed with cold ethanol to give 193 mg 
(92% yield) ofpixre 

5-(2-methyl-benzooxazol-6-ylmefhylene)-2-methylsulfanyl-thiazol-4-one. ^H-NMR 
(DMSO): 5 2.67 (s, 3H), 7.59 (dd, IH, J=8.3 Hz, J'=1.5 Hz), 7.80 (s, IH), 7.82 (d, IH, 
J=8.3 Hz), 7.96 (d, IH, J=L5 Hz), LC MS (m/e) = 291.0 (MH+). Rt = 2.41 mm. 

15 

c) 

5-(2-Methyl-benzooxazol-6-ylmethylene)-2-(2-piperidin-l-yl-ethylimino)"thiazolidi 
n-4-one 

20 To the solution of 

5-(2-methyl-benzooxazol-6-ylmethylene)-2-methylsulfanyl-thiazol-4-one(40 mg, 

0.14 mmol) in ethanol (3 mL) was added 2-piperidin-l-yl-ethylamine (25 mg, 0.2 
mmol, 1 .4 eq) and the reaction mixture was heated under reflux for 24 hours. Diethyl 
ether (3 mL) was added and product isolated by filtration to give 27 mg (53 % yield) of 
25 pure 

5-(2-methyl-benzooxazol-6-ylmethylene)-2-(2-piperidin-l-yl-ethylimino)-thiazolidin 
.4-one. LC MS (m/e) = 371.0 (MH-I-). Rt = 1.40 min. 

Examples 73-85 

30 
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The following compounds were prepared according to the procedure of Example 72 
(c ), except substituting the appropriate amine listed below for 
2-piperidin- 1 -yl-ethylamine. 



Example 


Product name 


Amine used 


LC MS (m/e) 


Et (min) 


73 


2 - (2 -Methoxy-ethylimino) - 5 - ( 
2-methyl-benzooxazol-6-ylme 
thylene) "tliia2olidin-4-one 




318.0 


1.52 


74 


5- (2 -Methyl-benzooxazol-6 -yl 
methylene)-2-(3-morpholin"4- 
yl-propylimino)-thiazolidin"4- 
one 




387.2 


1.31 


75 


-ylmethylene)-4-oxo-thiazolid 
in-2 -ylideneamino] "benzenes 
ulfonamide 


NH^ 


415.2 


1.68 


76 


2 - (4-Hy droxy -butylimino) ■ 5 - ( 
2-methyl-benzooxazol-6-ylme 
thyIene)"thiazolidin-4-one 


\ 


332.2 


1.49 


77 


2-(trans-4-Hydroxy-cyclohexy 
limine) - 5 - (2 -methyl-be nzooxa 
2ol-6-ylmethylene)-thia2olidi 
n-4-one 


OH 


358.0 


1.45 


78 


5 - (2 -Methyl-benzooxazol" 6-yl 

methyIene)-2-phenethyliinino 

■thiazolidin-4-one 


6 


363.8 


2.00 


79 


4-{2-[5-(2-Methyl"benzooxazo 
-6"ylmethylene)-4-oxo-thiazo 
.idin-2-ylideneamino] -ethyl}- 
ienzenesulfonamide 


T 


443.2 


1.63 
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80 


2-(2-Beiizo[l,3]dioxol-5-yl"eth 
ylimino) - 5 - (2-inethyl-benzoox 
azol- 6 -ylnietliylene) - thiazolid 
in-4-one 




408.2 


1.97 


81 


2 - (4- Chloro-phenylimino) - 5- ( 
2-metliyl-benzooxazol-6"ylme 
thylene)-thiazolidin-4-one 


CI 


370.0 


2.31 


82 


5 - (2 -Me thyl-benzooxazol-6 -yl 
methylene) - 2 - (py ridin- 3-yliini 
no) -thiazolidin-4-one 


6 


337.2 


1.40 


83 


3" [5-(2-Methyl-benzooxazol-6 
-ylmethylene)-4-oxo-thiazolid 
in-2-ylideneainmo]-benzamid 
e 


MM 


379.2 


1.61 


84 


2 - (2 -Hydroxy - ethy limine) - 5 ■ ( 
2-methyl-benzooxazol"6-ylnae 
thylene) - thiazolidin-4-one 


NH, 
OH 


304.0 


1.33 


85 


2-(l-Hydroxymethyl-2-phenyl 
■ethylimino) -5- (2 -methyl"ben 
zooxazol-6-ylmethylene)-thia 
zolidin-4-one 




394.2 


1.76 
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Example 86 

N"{6"[2-(2-BrQmo"phenvlimino)-4-oxo'thiazolidin-5"vlidenemeth^ 
dazol"2"v l)-2-dim ethvlaminQ"acetainide 





a. 5-Benzo[l,2,5]thiadiazol-5"ylmethylene-2-(2-bromophenylimmo)-t^^ 

Amixtxire of benzo[l,2,5]thiadiazole-5-carbaldehyde (70 mg, 0.43 mmol), 
(2-broinophenylimino)-thiazoMin-4-one (llO mg, 0.40 mmoO, AcONa (100 mg) in 
AcOH (2 mL) was heated to reflux at 120 degree for 48 hours. After cooling, a small 
portion of water was added until the solid forms. It was filtered and washed with 
MeOH, followed by desiccation in vacuo to afford a target product (104 mg, 0.25 
mmol). iH NMR (DMSO-de) 8 7.15 (m, 2H), 7.43 (t, IH), 7,71 (d, IH), 7.83 (dd, IH), 
7.89 (s, IH), 8.16 (d, IH), 8.22 (s, IH), 12.83 (sbr, IH) : LC/MS: m/z 417 (M), 419 
(M+2) 
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b. 2K2-Bromo-phenylamino)-5-(3,4-diamino-benzylidene)-thiazol-4-one 
A mixture 

5-benzo[l,2,5]thiadiazol-5Tlmethylene-2-(2-bromophenylimin 
5 (380 mg) and Na2S"9H20 (600 mg) in ethanol was irradiated by a microwave 
reactor at 120 C° for 5 hours. The mixture was poured onto aq.NH4Cl and the 
formed orange precipitate was filtrated. Washing with H2O and subsequent 
desiccation gave 290 mg of the title product. NMR (DMSO-de) 5 4.68 (sbr, 2H), 
5.30 (s, 2H), 6.44-6.55 (m, 3H), 7.04 (m, 2H), 7.29 (s, IH), 7.33 (t, IH), 7.61 (d, 
10 IH): LC/MS: m/z 389 (M), 391 (M+2). 

c. 5'-(2-Amino-3H-benzoimidazol-5-yhnethylene)-2-(2-bromo-pheny]imino)- 
thiazolidin-4-one 

15 A mixture of 2-(2-bromo-phenylamino)-5-(3,4-diamino-benzylidene)-thiazol-4-one 
(130 mg) and BrCN (120 mg) in methanol (1.5 ml) was heated at 60 0° for 6h. 
Treatment with aq. NaOH yielded a precipitate, which then is purified by prep 
LC-MS to afford the title product (30 mg). NMR (DMSO-de) 5 7.07-7.20 (m, 
6H), 7.40 (t, IH), 7.64 (s, IH), 7.67 (d, IH): LC/MS: m/z 414 (M), 416 (M+2) 

20 

d. N- {6- [2- (2-Bromo-phenylimino)-4"oxo-thiazoUdin-5-ylidenemethyl] ■ IH-benzoimida 
zol-2~yl}-2-dimethylamino-acetamide 

A mixture of 

25 5-(2-amino-3H-benzoiraidazoh5Tlmethylene)-2-(2-bromo-phenylimino)-thiazolLd 
in-4-one (40 mg), dimethylaminoacetic acid (13 mg), HBTU (45 mg), and 
triethylamine (25 mg) in dry DMF (l ml) was stirred at rt for 6 hours. It was 
washed with water and the formed yellowish solid was collected by filtration. 
Prep LC-MS purification afforded the title product (10 mg). ^HNMR (DMSO-de) 

30 8 2.30 (s, 6H), 3.24 (s, 2H), 7.10 (m, 2H), 7.29 (m, IH), 7.39 (m, IH), 7.46 (m, IH), 
7.63-7.68 (m, 3H): LC/MS: m/z 500 (M+l) 

Example 88 

Methyl (5"{(Z)-[2-r(2-bromophenvI)amino1-4-oxo-1.3-thiazol-5(4H)-vlidene] 
35 methvl}"lH-benzim ida7.nl"2 "vDcarbamate 

A mixture of 
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2-(2-bromo-phenylamino)-5-(3,4-diamino-benzylidene)"thiazol"4-one (88 mg, 0.23 
mmol) and l,3-bis(methoxycarbonyl)methyl-2-thiopsuedourea (46 mg, 0.23 
mmol) in dry methanol (1.5 mL) was heated overnight at 60 C° with a air-cooling 
condenser. The formed yellowish solid was filtered and then washed with H2O 
and MeOH to provide the title product (39 mg). ''H NMR (DMSO-de) 3.75 (s, 3H), 
7.12-7.16 (m, 2H), 7.28 (d, IH), 7.41-7.46 (m, 2H), 7.57 (s, IH), 7.71 (d, IH), 
7.74 (s, IH), 12.0 (brs, 2H). 

Example 89 

(5^-2-[(2-chlorophenvl)amino]-5-{[l-(3.3-dimethvlbutvl)-l^-henzimidazol-6-vl3 
methvlidene}- l,3-thiazol-4(5^-one 

(a) 3-[(3,3-Dimethylbutyl)amino]-4-nitrobenzonitrile. A mixture of 
3-(methyloxy)-4-nitrobenzonitrile (l.O gl 5.6 mmol.) and 
(3,3-dimethylbutyl)amine (1.5 g; 14.8 mmoL) was stirred and heated at 
100 for 18h. The mixture was cooled and the sohd mass slurried with 
hexanes and filtered to afford the title compound (0.75 gl 54%) as a yellow 
solid. C13H17N3O2 requires: o/^c, 63.2; %H, 6.9; %N, 17.0; Found: o^C, 
63.1; %H, 6.7; %N, 16.7. IH NMR (400 MHz, DMSO-cfe) 5 ppm 0.97 (s, 9 
H) 1.53 - 1.60 (m, 2 H) 3.34 - 3.41 (m, 2 H) 7.02 (dd, ^8.72, 1.64 Hz, 1 H) 
7.59 (d, ^1.77 Hz, 1 H) 8.04 (t, e^5.31 Hz, 1 H) 8.19 (d, ^8.59 Hz, 1 H). 

(b) 4-Amino-3"[(3,3"dimethylbutyDamino]benzonitrile. A solution of the 
compound firom Example 89a) (0.69 g; 2.8 mmol.) in ethyl 
acetate/methanol (3:1) (50.0 mL) was hydrogenated over 10% 
palladium-on-carbon (100 mg) at room temperature and atmospheric 
pressure for 30 min. The mixture was filtered through a pad of cehte and 
the filtrate evaporated to afford the title compound (0.60 g; 99%) as a tan 
oil. IH NMR (400 MHz, DMSO-rfe) 6 ppm 0.92 (s, 9 H) 1.62 - 1.66 (m, 2 H) 
3.13 - 3.21 (m, 2 H) 6.88 (d, JE=8.54 Hz, 1 H) 7.31 (dd, c^8.54, 1.79 Hz, 1 H) 
7.48 (d, c^l.79 Hz, 1 H) 8.0 - 10.5 (br s, 3H). 

(c) l-(3,3-DimethylbutyD-ljEFbenzimidazole-6-carbaldehyde. A solution of 
the compound from Example 89c) (600 mg; 2.8 mmol.) in formic acid (15.0 
mL) was stirred and heated under reflux for Ih. The solution was then 
cooled to room temperature for the addition of a 50% aqueous suspension 
of Raney-nickel (1.0 mL) and water (3.0 mL). The mixture was then 
stirred and heated at 100 for30 min. The mixture was filtered through 
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a pad of celite and evaporated. The residue was treated with water (lO.O 
mL) then basified with sat. aqu. Sodium hydrogen carbonate and 
extracted with ethyl acetate (3 x 50.0 mL). The organic layers were dried 
and evaporated and the residue purified by flash'chromatography (silica 
gel, 5% methanol in chloroform) to afford the title compound (380 mg) 
contaminated with approximately 20% of the 

[l-(3,3-dimethylbutyD-liybenzimidazol"6-yl]methanoL IH NMR (400 
MHz, CHLOROFORM- 5 ppm 1.09 (s, 9 H) 1.81 - 1.88 (m, 2 H) 4.24 ■ 
4.30 (m, 2 H) 7.84 (dd, c^8.34, 1.52 Hz, 1 H) 7.93 (d, c^8.34 Hz, 1 H) 7.99 
(d, ^0.76 Hz, 1 H) 8.12 (s, 1 H) 10.14 (s, 1 H). 
(d) (5^-2- [(2-chlorophenyDamino]-5-{[l-(3,3-dimethylbutyD- 1^-benzimidazo 
l-6-yllniethylidene>-l,3-thiazol-4(5^-one. A solution of the compound 
from Example 89c) (138 mg; 0.60 mmoL), 

2"[(2-chlorophenyl)amino]-l,3-thiazol-4(5-£&"one (130 mg,' 0.57 mmol.) and 
piperidine (70 pL; 0.70 mmol.) in ethanol (l.O mL) was stirred and heated 
in a microwave reactor at 150 for 20 min. The mixture was cooled and 
filtered to afford the title compound (49.0 mg, 19%) as a pale-yellow 
powder. C23H23CIN4OS requires: %C, 62.9; %H, 5.3; %N, 12.8; found: %C, 
62.9; %H, 4.9; %N, 12,5. IH NMR (400 MHz, DMSO'de) 5 ppm 0.89 (s, 9 H) 
1.57 - 1.66 (m, 2 H) 4.19 - 4.29 (m, 2 H) 7.15 (dd, c^7.83, 1.26 Hz, 1 H) 7.21 
(td, J&=7.77, 1.39 Hz, 1 H) 7.37 (ddd, c^l7.94, 8.21, 1.39 Hz, 2 H) 7.54 (dd, 
^8.08, 1.26 Hz, 1 H) 7.66 (s, 1 H) 7.73 (d, c^8.34 Hz, 1 H) 7.86 (s, 1 H) 
8.39 (s, 1 H) 12.64 (s, 1 H). 

Example 90 

(5^-24(2.6-dichlorophenv])aminol-5-^ri-(3.3-dimethvlbutvl)-lJyhenzimidazQl-6- 
vl]methyIidene}-1.3-thiazol-4(5J^-one, trifluoroacetate salt 

Following the procedure of Example 89d) except substituting 
2- [(2,6-dichlorophenyl) amino]- l,3-thiazoh4(5^-one for 
2-[(2-chlorophenyl)amino]-l,3-thiazol-4(5^-one followed by purification by 
chromatography (ODS siUca, gradient 10-100% acetonitrile/water (0.1% TEA)), 
the title compound was prepared (69.0 mg, 20%). C23H22CI2N4OS . C2HF3O2 
requires: %C, 51.1; %H, 3.9; %N, 9.5; found: %C, 50.9; %H, 3.8; %N, 9.4, IH NMR 
(400 MHz, DMSO-flfe) 5 ppm 0.90 (s, 9 H) 1.61 - 1.69 (m, 2 H) 4.28 - 4.39 (m, 2 H) 
7.23 (t, ^8.21 Hz, 1 H) 7.51 ■ 7.59 (m, 3 H) 7.77 - 7.87 (m, 2 H) 7.95 (s, 1 H) 8.87 (s, 
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Example 91 

5 (5^-5-{[l(2'Cvcloi3ropvlethvl)-lffbenziir iidfly.nV6- vl]m 
ophenvl)amino] - 1, 3-thiazol-4(5.H)"one 

(a) 4"amino-3-[(2-cyclopropylethyl)amino]benzonitrile. A mixture of 
3-(methyloxy)-4-nitrobenzonitrile (0.5 gl 2.8 mmol.) and 

10 (2-cyclopropylethyl)amine (0.24 gJ 2,8 mmoL)in DMSO (2.5 mL) was 

stirred and heated in a microwave reactor at 125 for 90 min. The 
mixture turned bright orange and was diluted with ethyl acetate (20 mL) 
and washed with sat. aqu. sodium hydrogen carbonate (20 mL) and brine 
(20 mL). The organic layer was dried over MgS04, filtered and rotary 

15 evaporated down to residue. The crude residue was dissolved in methanol 

(10 mL) and ethyl acetate (10 mL) and treated with 10% palladium on 
carbon (20 mg) and hydrogenated at 25 psi for 1 h. The mixture was 
filtered through a pad of cehte and the filtrate evaporated. Purification by 
flash-chromatography (silica gel, 5-50% ethyl acetate in hexanes) afforded 

20 the title compound (0.230 g; 41%) as a brown crystalline sohd. C12H15N3 

MS(ES+) m/e 202 [M+H]+ 

(b) l-(2-cyclopropylethyl)-l^benzimidazole-6-carbaldehyde. A solution of 
the compound fi:om Example 91a) (230 mgj 1.14 mmol.) in formic acid (7.0 
mL) was stirred and heated under reflux for 2h. The solution was then 

25 cooled to room temperature for the addition of a 50% aqueous suspension 

of Raney-nickel (l.O mL) and water (1.0 mL). The mixture was then 
stirred and heated at 110 °C for 45min. The mixture was cooled to 45 °C 
and then filtered through a pad of celite and evaporated. The residue was 
diluted with water (5.0 mL) then taken to pH = 8 with sat. aqu. Sodium 

30 hydrogen carbonate and extracted with dichloromethane (2 x 25.0 mL). 

The organic layers were dried and evaporated to afford the title compound 
(236 mg; ) as an impiire oil that was used in the next step without further 
purification. MS(ES-f-) m/e 215 [M+H]"^ 

(c) (5^-5-{[l-(2-cyclopropylethyl)"l^-benzimidazol-6-yl]methylidene}-2-[(2,6- 
35 difluorophenyl)amino]-l,3-thiazol-4(5^-one. A solution of the compound 

from Example 91b) (236 mg; 1.10 mmol.), 

2-[(2,6-difluorophenyl)amino]-l,3-thiazol"4(5J35)"one (252 mg; 1.10 mmol.) 
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and piperidine (109 p.L; 1.10 mmol.) in ethanol (2.0 mL) was stirred and 
heated in a microwave reactor at 170 °C for 20 min. The mixture was 
diluted with ethyl acetate (20 mL) and water (10 mL). The organic layer 
was separated dried and filtered then purified by flash-chromatography 
5 (silica gel, 5-50% ethyl acetate in hexanes) to afford the title compound 

(50.0 mg, 11%) as a pale-yellow powder. C22H18F2N4OS MS(ES+) m/e 425 
[M+H]+ . IH NMR (400 MHz, DMSO-cfe) 5 ppm 12.95 (s, 1 H) 8.91 (s, 1 H) 
8.09 (s, 1 H) 8.00 (s, 1 H) 7.91 (d, J^8.69 Hz, 1 H) 7.54 (d, e;^8.84 Hz, 1 H) 
7.29 - 7.39 (m, 3 H) 4.48 (t, ^7.07 Hz, 2 H) 1.75 ■ 1.82 (m, 2 H) 0.69 (s, 1 H) 
10 0.37 - 0.42 (m, 2 H) 0.01 (q, ..^4.72 Hz, 2 H) 

Example 92 

(5^-5"{[l"(2"cvclQhexvlethvl)"liybenzimidazol-6-vl]methvlidene}-2-[(2,6-dichloro 
15 phenvl)amino1'1.3-thiazol-4(5^"one, trifluoroacetate salt 

(a) 2-(2-cyclohexylethyl)-l^-isoindole-l,3(2i^i-dione. A solution of 
cyclohexylethanol (20.0 g; 0.156 moL), triphenylphosphine (40.9 gl 1.1 
equiv.) and phthalimide (22.9 gl 1.1 equiv.) in anhydrous tetrahydrofuran 

20 (300 mL) was stirred and cooled to 5 ^'C for the dropwise addition of 

diisopropyl azodicarboxylate (34.7 g; 1.1 equiv.) in anhydrous 
tetrahydrofuran (100 mL). The mixture was then stirred at room 
temperature for 18h. The mixture was evaporated and the residue 
washed with diethyl ether (500 mL) and filtered, then the filtrate 

25 evaporated and purified by chromatography (siUca gel, hexanes/ethyl 

acetate (4:1)) to afford the title compound (23.8 g; 6"0%) asa colorless oil. 
IH NMR (400 MHz, CHLOROFORM- cd 5 ppm 0.91 - 1.02 (m, c^l2.06, 
11.84, 11.84, 3.16 Hz, 2 H) 1.19 - 1.31 (m, 3 H) 1.54 - 1.63 (m, 2 H) 1.64 - 
1.71 (m, 2 H) 1.71 - 1.76 (m, 1 H) 1.79 (s, 1 H) 1.83 (d, ^2.02 Hz, 1 H) 3,69 

30 ■ 3.74 (m, 2 H) 7.72 (dd, J=5.56, 3.03 Hz, 2 H) 7.85 (dd, c^5.43, 2.91 Hz, 2 

H). 

(b) (2-Cyclohexylethy])amine, hydrochloride salt. A solution of the compound 
fi:om Example 92a) (23.8 g; 0.092 moL) and hydrazine hydrate (5.0 mL; 1,1 
equiv.) in methanol (250 mL) was stirred and heated under reflux for 3h. 

35 The mixture was cooled and evaporated and the residue slurried with 

diethyl ether (500 mL) and filtered. The filtrate was then evaporated and 
dissolved in diethyl ether (200 mL) then the solution saturated with 
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gasous hydrochloric acid. The mixture was filtered to afford the title 
compound (1.7 g,* 14%) as a yellow powder. IH NMR (400 MHz, BMSO-de) 
8 ppm 0.83 - 1.67 (m, 13 H), 2.72 - 2.80 (m, 2 H), 8.02 (br s, 3 H). 

(c) 3"[(2-cyclohexylethyl)amino]-4-mtrobenzonitrile. A mixture of the 
5 compound from Example 92b) (1.23 gl 7.5 mmoL), 

3-(methyloxy)-4-nitroben2onitrile (1.12 g; 6.3 mmol.) and potassium 
carbonate (l.l g? 8.0 mmol.) were well mixed then heated neat at 150 °C 
with stirring for 18h. To the resulting cooled, solid mass was added IM 
aqu. Hydrochloric acid (50.0 mL) and ethyl acetate (50.0 mL) and the 
10 mixture separated and the organic layer dried and evaporated. The 

residue was purified by chromatography (silica gel, hexanes/ethyl acetate 
(9:1)) to afford the title compound (0.27 g; 16%). 

(d) (5-g)-5-{[l-(2-cyclohexylethyl)- liy-benzimidazol-6-yl]methylidene}-2-[(2,6" 
dichlorophenyDamino]-l,3-thiazol-4(5^-one, trifluoroacetate salt. 

15 Following the procedures of Examples 91b), 91c) and 91d) except 

substituting the compound fi:om Example 92c) for the compound ficom 
Example 89a) and substituting 

2-[(2,6-dichlorophenyl)amino]-l,3-thiazol-4(5^-one for 
2-[(2,6-difluorophenyl)amino]-l,3-thiazol-4(5^-one followed by 

20 . purification by chromatography (ODS silica, gradient 10-100% 

acetonitrile/water (0.1% TFA)), the title compound was prepared (21.1 mg). 
C25H24CI2N4OS . C2HF3O2 requires: %C, 52.9; %H, 4.1; %N, 9.1; found: %C, 
53.4; %H, 4.3; %N, 9.1. IH NMR (400 MHz, DMSO-dfe) 5 ppm 0.85 - 0.95 
(m, 2 H) 1.10 - 1.21 (m, 4 H) 1.60 - 1.71 (m, 7 H) 4.26 - 4.36 (m, 2 H) 7.23 (t, 

25 c^8.08 Hz, 1 H) 7.42 (d, c^8.59 Hz, 1 H) 7.56 (d, ^8.08 Hz, 2 H) 7.80 (d, 

e^8.34 Hz, 1 H) 7.92 - 7.96 (m, 2 H) 8.77 (s, 1 H) 12.93 (s, 1 H). 

Example 93 

30 (2K 5^-2" [(2,6-dichloroi3henvDiminol • 5- [(2-phenvl" lir-benzimidazQl-6-vl)methvli 
dene]-l,3-thiazolidin"4'one, piperidine salt 

(a) methyl 2-phenyl-lj£Fbenzimidazole-6-carboxylate. A solution of 
b^nzaldehyde (2 mL, 20.0 mmol) and 40 % aq. sodium hydrogen sulfite (21 
35 mL) was stirred at room temperature for 1 h. To this mixture is added a 

solution of methyl 3,4-diaminobenzoate (3.32 g, 20.0 mmol) in ethanol (2 
mL). The resulting solution is heated to I'eflux overnight. The mixture was 
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diluted in water and the resulting precipitate was collected by filtration to 
obtain 4.90 g of the desired product in 97 % yield. The crude was used 
without further purification. IH NMR (400 MHz, CHLOROFORM- c& 5 
ppm 8.35 (s, 1 H) 8.06 - 8.15 (m, 2 H) 7.97 (dd, c^8,G, 1.5 Hz, 1 H) 7.64 (s, 1 
5 H) 7.41 - 7.50 (m, 3 H). 

(b) 2"phenyl-l^benziinidazole"5-carbaldehyde. A solution of methyl 
2-phenyM^-benzimidazole-5-carboxylate (0.300 g, 1.18 mmoD was 
treated with lithium aluminum hydride (2.4 mL, 2.38 mmol, 1 M solution 
in THF) under a nitrogen atmosphere at room temperature. The solution 

10 was stirred for 1 h and the dumped into ice, treated with saturated aq. 

ammonium chloride and diluted with brine. Extraction with three 
volumes of ethyl acetate afforded the title compound as a yellow solid in 
54 % yield [MS(ES+) m/e 225 [M+H]+. The crude was dissolved in acetone 
(15 mL) and immediately treated using manganese oxide (1.17 g, 13.4 

15 mmol). The black solution was stirred at room temperature for 36 h. The 

residual black solid was filtered using a celite pad and washing with three 
volumes of acetone. The filtrate was concentrated under high vacuum to 
give a glue-like residue. The residue was washed with three volumes of 
ether to afford 0.139 g of the desired aldehyde as a yellow powder (52 %). 

20 The crude material was used without further purification. [MS(ES+) m/e 

223 [M+H1+. IH NMR (400 MHz, MeOD-^) 5 10.04 (s, 1 H) 8.17 (s, 1 H) 
8.09 - 8.16 (m, 2 H) 7.86 (dd, c^8,3, 1.5 Hz, 1 H) 7.74 (d, c^8.3 Hz, 1 H) 
7.54-7.61 (m, 3 H). 

(c) (2^5^-2-[(2,6-dichlorophenyl)imino]-5-[(2-phenyl-l^-benzimidazol-6-yl) 
25 methylidene]-l,3-thiazolidin-4-one. A microwave vial was charged with 

the compound firom example 93b) (0.156 g, 0.702 mmol) and 
(2^-2-[(2,6-dichlorophenyl)imino]"l,3-thiazolidin-4-one (0.183 g, 0.702 
mmol) in ethanol. The solution was treated with piperidine (0.07 mL, 
0.702 mmol) and the contents were irradiated at 150 °C for 1 h in a 

30 microwave reactor. The mixture was allowed to cool to room temperature, 

taken up in water (15 mL) and extracted with ethyl acetate (3 x 10 mL). 
The organic layers were combined, dried over MgS04 and evaporated. The 
crude was purified by flash-clnromatography (silica gel, 10% methanol in 
chloroform) to afford the title compound in 28% yield. [MS(ES+) m/e 465 

35 [M+H]+. IH NMR (400 MHz, DMSO-rfe) 5 ppm 13.09 (s, 1 H) 8.17 (d, ^^7.3 

Hz, 2 H) 7.61 (s, 2 H) 7.47 - 7.59 (m, 5 H) 7,37 (m, 1 H) 7.15 (s, 1 H) 3.02 (m, 
2 H) 1.60 - 1.68 (m, 2 H) 1.51 - 1.59 (m, 1 H). 
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Example 94 

(5^-24(2''chlQrQphenyl)amino]-5-{[l-(2-evclopropvlethvl)"lffbenzim 
5 methvlidene}-l,3''thiazol-4(5^"one 

Following the procedure of Example 91c) except substituting 
2-[(2-chlorophenyl)amino]" l,3-tliiazol-4(5J2)-one for 
2-[(2,6-difluoroplienyDamino]"l,3-thiazol-4(5^-one followed by purification by 

10 flash-chromatography (silica gel, 5-100% ethyl acetate in hex), the title 
compound was prepared (81.0 mg, 16%). C22H19CIN4OS MS(ES+) m/e 423 
[M"l-Ha+ . IH NMR (400 MHz, DMSO-dfe) d ppm 12.70 (bs, 1 H) 8.45 (s, 1 H) 7.91 - 
7.96 (m, 2 H) 7.82 (d, c^8.59 Hz, 1 H) 7,64 (dd, c^7.96, 1.14 Hz, 1 H) 7.43 ■ 7.50 (m, 
1 H) 7.40 (d, ^8.34 Hz, 1 H) 7.28 - 7.34 (m, 1 H) 7.25 (d, c^7.83 Hz, 1 H) 4.39 (t, 

15 c^6.95 Hz, 2 H) 1.68 ■ 1.78 (m, 2 H) 0.65 (ddd, ^^12.19, 7.39, 4.93 Hz, 1 H) 0.36 - 
0.44 (m, 2 H) -0.01 (q, ^4.80 Hz, 2 H). 

Example 95 

20 (5^ - 5-{[l - (2 -cvcloprop vlethvl) - li? benzimidazol-e- vl]methvlidene}-2- [(2, 6-dichlor 
ophenvl) amino]- 1.3"thiazol-4(5i3)-one 

Following the procedure of Example 91c) except substituting 
2- [(2,6-dichlorophenyDamino]- l,3-thiazol-4(5jE9-one for 

25 2-[(2,6-difluorophenyl)amino]-l,3-thiazol-4(5^-one followed by purification by 
chromatography (ODS silica, gradient 10-100% acetonitrile/water (0.1% TEA)), 
the title compound was prepared (74.0 mg, 18%). C22H18CI2N4OS MS(ES+) m/e 
456 [M+H]+ . IH NMR (400 MHz, DMSO-dfe) IH NMR (400 MHz, DMSO-db) d 
ppm 12.98 (s, 1 H) 8.79 (s, 1 H) 8.04 (s, 1 H) 7.99 (s, 1 H) 7.88 (d, ^8.59 Hz, 1 H) 

30 7.65 (d, e^8.08 Hz, 2 H) 7.47 (d, c^8.08 Hz, 1 H) 7.32 (t, ^8.08 Hz, 1 H) 4.45 (t, 
c^6.95 Hz, 2 H) 1.73 - 1.81 (m, 2 H) 0.67 (s, 1 H) 0.35 ■ 0.42 (m, 2 H) -0.00 (t, 
c^4.80 Hz, 2 H) 
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Example 96 

(2^5^-2-[(2,6"dichlQrophenv])hninQl"5-{r2<l-methvlethvl)agbe 
]methvlidene}-l,3-thiazolidin-4-oiie 

(a) methyl 2-(l-methylethyl)-l£=^benzimidazole-6-carboxylate. A solution of 
isobutyraldehyde (0.22 mL, 2.41 mmol) and 40 % aq. sodium hydrogen 
sulfite (2.6 mL) was stirred at room temperature for 1 h. To this mixture is 
added a solution of methyl 3,4-diaminobenzoate (0.400 g, 2.41 mmol) in 
ethanol (2 mL). The resulting solution is heated to reflux overnight. The 
mixture was diluted in water and the resulting precipitate was collected 
by filtration to obtain 0.524 g of the desired product in >99 % yield. The 
crude was used without further purification. [MS(ES+) m/e 219 [M+H]+. 
IH NMR (400 MHz, CHLOROFORM- 5 ppm 8.30 (d, o^l.O Hz, 1 H) 7.93 
(dd, c^8.6, 1.5 Hz, 1 H) 7.54 (d, ^^8.6 Hz, 1 H) 3.90 (s, 3 H) 3.30 - 3.41 (m, 
IH) 1.48 (d, ^7.1 Hz, 6 H). 

(b) [2-(l-meth5dethyl)-li?benzimidazol-6-yl]methanoL ATHF solution of the 
compound in example 96a) (0.524 g, 2.40 mmol) was treated with lithium 
aluminum hydride (4.8 mL, 4,80 mmol, 1 M solution in THF) under a 
nitrogen atmosphere at room temperature. The solution was stirred for 1 
h and the dumped into ice, treated with saturated aq. ammonium chloride 
and diluted with brine. Extraction with three volumes of ethyl acetate 
afforded 0.354 g of the title compound (78 %). [MS(ES+) m/e 191 [M+H]+. 
IH NMR (400 MHz, METHANOL- 8 ppm 7.53 (br. s„ 1 H) 7.44 ■ 7.51 (m, 
1 H) 7.20 - 7.24 (m, 1 H) 4.69 (s, 2 H) 3.16 - 3.27 (m, 1 H) 1.44 (d, J^7.1 Hz, 
6H). 

(c) 2-(l-methylethyl)-l^benzimidazole-6-carbaldehyde. A solution of the 
compound from example 96b) (0.354 g, 1.86 mmol) in acetone (5 mL) was 
treated with manganese oxide (1.60 g, 18.6 mmol). The solution was 
stirred overnight at room temperature. The mixture was filtered using a 
celite pad and was washed with acetone three times. The combined 
washings were combined to give 0.212 g of a white solid as the desired 
compound (61 %). [MS(ES+) m/e 189 [M+H]+. IH NMR (400 MHz, 
CHLOROFORM- 5 ppm 10.06 (s, 1 H) 8.11 (d, c^l.O Hz IH) 7.81 (dd, 
o^8.3 Hz, 1.5 Hz, 1 H) 7.67 (d, c^8.4 Hz, 1 H) 3.30 - 3.41 (m, 1 H) L53 (d, 
c^7.0 Hz, 6 H). 
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(d) 

(2^5^-2-[(2,6"dichlorophenyl)imino]-5-{[2-(l-methylethyl)-l^^^ 
zol-6-yl]methylidene}-l,3-thiazolidin-4-one. Following the procedure of 
Example 93c) except substituting 

5 2"(l-methylethyl)"l^"benzimidazole"6-carbaldehyde (0.212 g, 1.13 mmol) 

for 2-phenyl-l^benzimidazole-5-carbaldehyde followed by 
flash-chromatography (silica gel, 10% methanol in chloroform), the title 
compound was obtained as a yellow solid in 21 % yield (0.104 g). [MS(ES+) 
m/e 431 [M+H1+. IH NMR (400 MHz, DMSO-d/e) 5 ppm 7.84 (br. s., 1 H) 
10 7.52 ■ 7.66 (m, 4 H) 7.30 (dd, .^8.5 Hz, 1.3 Hzl H) 7.23 (t, .^=8.1 Hz, 1 H) 

3.06 - 3.21 (m, 1 H) 1.32 (d, c^=6.8 Hz, 6 H). 

Example 97 

15 (2^5^-24(2,6"dichlorophenvl)imino]-5"{[2-(2"methvlpropvl)aiybenziniidazol-6- 
vl]methvlidene}''l,3-thiazQlidin-4-one. piperidine salt 

(a) methyl 2-(2-meth5dpropyl)-li?benzimidazole-5-carboxylate. Following 
the procedure of Example 96a) except substituting isovaleraldehyde 

20 (0.258g, 3.00 mmol) for isobutyraldehyde and employing aq work up with 

extraction using ethyl acetate, the title compound was prepared in >99 % 
yield 0.759 g. [MS(ES+) m/e 233 [M+H]+. 

(b) [2-(2-methylpropyl)-l.ffbenzimidazol-5-yl]methanol. Following the 
procedure employed in Example 96b) except substituting methyl 

25 2-(2-methylpropyD"'ljffbenzimidazole-5-carboxylate (0.759 g, 3.27 mmol) 

for methyl 2-(l"methylethyl)- li?benzimidazole-6-carboxylate afforded 
the desired compound as a white solid (0.44 g) in 66 % yield. [MS(ES+) m/e 
205 [M+H]+. 

(c) 2-(2-methylpropyD-l^benzimidazole-5-carbaldehyde. Following the 
30 procedure employed for Example 96c) but substituting 

[2- (2-methylpropyD-lJT-benzimidazol"5-yl] methanol (0.44 g, 2.15 mmol) 
for [2-(l-methylethyl)-l^benzimidazol-6-yl]methanol afforded 0.395 g of 
the desired compound as a dark orange material in 92 % yield. [MS(ES+) 
m/e 203 [M+H]+. 

35 (d) (2^5^-2-[(2,6-dichlorophenyDimino]-5-{[2-(2-methylpropyD- l^T-benzimid 

azol"6-yl]methylidene}- l,3-thiazolidin-4-one, piperidine salt. Following 
the procedure for Example 93c) except substituting 
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2"(2-methylpropyD- liy-benzimidazole-5-carbaldehyde (0.395 g, 1.95 
mmol) for 2-phenyl"li?benziinidazole-5-carbaldehyde, the desired 
compound was obtained in 13% (O.llg) as a yellow powder. [MS(ES+) m/e 
445 [MH-H1+. IH NMR (400 MHz, METHANOL- ^4) 5 ppm 7.65 (s, 2 H) 
5 7.50 " 7.56 (m, 1 H) 7.43 (d, J^S.l Hz, 2 H) 7.32 ■ 7.38 (m, 1 H) 7.12 (t, 

^8.1 Hz, 1 H) 3.09 ■ 3.14 (m, 4 H) 2.75 (d, J^7.S Hz, 2 H) 2.24-2.16 (m, 1 
H) 1.74 - 1.82 (m, 4 H) 1.65 - 1.74 (m, 2 H) 0.99 (d, ^6.8 Hz, 6 H). 



Example 98 

10 

(2^5^-2-[(2.6-dicMorophenvl)imino1-5-{[2-(3-pvridinvl)-l JyhenziTni daz 
ethvlidene}-l,3-thiazolidin-4 one 



(e) methyl 2-(3-pyridinyl)-l^benzimidazole-5-carboxylate. The procedure 
15 for Example 96a) except substituting 3-pyridinecarbaldehyde (0.400g, 

3.70 mmol) for isobutyraldehyde was used. The filtrated residue was 
purified using flash-chromatography (silica gel, 10% methanol in 
chloroform) to yield 0.727g of a yellow sohd (78%). [MS(ES-f) m/e 254 
[M+H]+. 

20 (£) [2-(3-pyridinyl)-l^-benzimidazol-5-yl]methanoL A solution of the 

compound from Example 98a) (0.727g, 2.87 mmol.) in THE was treated as 
the compound in Example 96b). The desired product was obtained as a 
yellow solid in 87% yield (0.560g) and was used in the next step without 
further purification. [MS(ES+) m/e 226 [M+H]+. 

25 (g) 2-(3-pyridinyl)-lJ?benzimidazole-5-carbaldehyde. A procedure similar 

for Example 96c) except substituting 

[2"(3-pyridinyD-lJ?benzimidazol-5-yl]methanol (0.560g, 2.49 mmol) was 
used to obtain the desired compound in 20% yield (0.104 g) as a yellow 
powder. IMS(ES+) m/e 224 IM+H]+. 

30 (h) (2^5^-2-[(2,6-dichlorophenyl)imino]-5-{[2-(3-pyridinyD-l£^-benzimidazol 

-6-yl]methylidene}-l,3-thiazolidin-4-one. The procedure for Example 93c) 
was used except for substituting 

2-(3-pyridinyl)-l^-benzimidazole-5-carbaldehyde (0.104 g, 0.466 mmol) 
instead of 2-phenyM^benzimidazole"5-carbaldehyde. The title 

35 compound was obtained as a yellow solid in 28% yield (0.061 g) after work 

up and purification. [MS(ES+) m/e 466 [M4-H]+. IH NMR (400 MHz, 
DMSO-c/e) 6 ppm 13.43 (d, e;^46.5 Hz, 1 H) 12.89 (br. s., 1 H) 9.34 (br. s., 1 
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H) 8.65 - 8,75 (m, 1 H) 8.50 (s, 1 H) 7.75 - 7.96 (m, 2 H) 7.68 (s, 1 H) 7.54 - 
7.64 (m, 3 H) 7.42 (m, 1 H) 7.25 (t, ^8.2 Hz, 1 H). 



Example 99 

5 

(2^5^-2-[(2,6-dichlorophenyl)imino]-5-{[2-(hydroxymeth^ 
yUmetlaylidene}- 1, 3" thiazolidin-4-one 



(a) methyl 

10 2-({[(l, l-dimethylethyl)(dimetliyl)silyl]oxy}metliyl)'- l^benzimidazole-5-c 

arboxylate. The procedure used for Example 96a) was used except 
substituting {[(l,l-dimethylethyl)(dimethyl)silyl]oxy}acetaldehyde (l.OO g, 
5.70 mmol) for isobutyraldehyde. After diluting with water the mixture 
was extracted using three volumes of ethyl acetate. The combined organic 

15 portions were dried over magnesium sulfate and the whole was JSltrated 

and concentrated. The crude was purified using flash chromatography 
(siKca gel, 60 % Ethyl acetate, hexane) to obtain a mixture of the desired 
TBS protected alcohol 99a (0.02 g) [MS(ES-i-) m/e 321 [M+H]+ and the 
deprotected alcohol 99a2) (0.386g) for 22% yield [MS(ES+) m/e 207 

20 [M+H]+. 

(b) [2-({[(l, l-dimethylethyl)(dimethyl)silyl]oxy}methyl)- l^-benzimidazol-5-yl 
ImethanoL A solution of the compound from Example 99a) (0.02 g, 0.062 
mmoL) in dichloromethane (3.00 mJQ was kept at -78 °C and treated with 
diisobutylaluminum hydride (0.075 mL, 0.075 mmol) dropwise. After 1 h, 

25 the solution was quenched with methanol while keeping the temperature 

at -78 °C. The cold bath is removed and the mixture was treated with sat. 
aq. Rochelle salt. The solution was stirred for 1 h, then extracted using 
three volumes of ethyl acetate, dried over magnesium sulfate, filtrated 
and concentrated to afford 58 % yield. The crude was used without further 

30 purification in the next step. [MS(ES+) m/e 293 [M+H]+]. 

(c) 2-({[(l, 1-dimethylethyl) (dimethyl) silyl]oxy}methyl)- l^-benzimidazole-5-c 
arbaldehyde. Following the procedure for Example 96c) but substituting 
99b) (0.02 g, 0.07 mmol) for the compound in 96c), the desired compound 
was obtained as an oil in >99% yield [MS(ES+) m/e 291 [M+H]+. 

35 (d) (2^5^-2-[(2,6-dichlorophenyl)imino]"5-{[2-({[(l,l-dimethylethyl)(dimethy 

l)silylIoxy}methyl)-l^benzimidazol-5'*yilmethylidene}-l,3"thiazolidin-4-o 
ne. A microwave vial was charged with 
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2 -({[( 14 -dimethylethyD (dimethyl) silyl] oxy}methyl) - 

arbaldehyde (0.03 12g, 0.11 mmol), 

(2^-2-[(2,6-dichlorophenyl)imino]" l,3-thiazolidin-4-one (0.029 g, 0. 11 
mmol), piperidine (0.02 mL, 0.11 moD and ethanol (l mL). The contents 
were irradiated at 150 "^C for 1 h. The resulting solution was treated with 1 
N HCl (5 ml) and the resulting precipitate was filtered, washed with 5x5 
mL portions of water and dried under high vacuum to afford 0.032 g 
(55 %) of the desired material. The crude was used without further 
purification. [MS(ES+) m/e 534 [M+H1+. 

(e) (2^5>g>-2-[(2,6-dichlorophenyl)imino]-5-{[2-(hydroxymethyD- li?benzimid 
azol-5-yl]methylidene}-l,3"thiazolidin-4-one. A solution of the compound 
in Example 99d) (0.032g, 0.06 mmol) was taken up in a 1:1 mixture of 

^ THF : water (2 mL) and was treated with aq. acetic acid (0.004 mL, 0.06 
mL). The resulting solution was stirred overnight at room temperature. 
The mixture was diluted in 3 mL of ethyl acetate and extracted three 
times. The combined organic portions were washed with sat. aq. sodium 
bicarbonate, dried over magnesium sulfate, filtrated and concentrated to 
afford the title compound as a yellow soUd in 38 % yield (9.6 mg). 
[MS(ES4-) m/e 419 [M+H]+. IH NMR (400 MHz, METHANOL- ^/4) 8 ppm 
7.85 (s, 1 H) 7.69 (s, 1 H) 7.61 (d, J&=8.3 Hz, 1 H) 7.44 - 7.51 (m, 2 H) 7.39 
(dd, c^8.5, 1.1 Hz, 1 H) 7.18 (t, c^8.2 Hz, 1 H) 4.84 (s, 2 H). 

Example 100 

(2Z5^-2"[(2.6"dichlQr ophenvl)imino]-5-{r2-(2-hvdroxvethv l)-l^"hfiny.imida9:n 
l-5-vl]methvlidene}-l,3-thiazolidin-4-one 

(a) methyl 

2- (2-{[(l, l-dimethylethyl)(dimethyDsilyl]oxy}ethyl)- lj9^benzimidazole-5-c 
arboxylate. Using the procedure for Example 96a) except substituting 

3- {[(l,l-dimethylethyD(dimethyl)silyl]oxy}propanal (2.00 g, 10.6 mmol) for 
isobutyraldehyde, followed by purification using flash chromatography 
(silica gel, 60 % ethyl acetate/hexane) the desired product 100a l) was 
obtained in 42% yield, along with the deprotected alcohol 100a2) (0.205 g, 
8 %). The protected alcohol lOOal) was carried on to the next step 
[MS(ES+) m/e 335 [M+H]+]. 
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(b) [2-(2-{[(l4-dimethylethyl)(dimethyOsUyl]oxy}ethyl)- IJy-benzi^^ 
Imethanol. A solution of the compound in Example lOOal) (0.210 g, 
0.0.63mmol) was taken up in dichloromethane (3 mL) and treated with 
diisobutylaluminum hydride (0,63 mL, 0.63 mmol) at "78 °C. The mixture 

5 was allowed to reach room temperature over Ih. Then it was quenched 

with methanol (l mL), treated with sat. aq. Rochelle salt (10 mL) and the 
slurry was stirred overnight. Extraction with 3 x 10 mL ethyl acetate, 
drying over magnesium sulfate and concentration under high vacuum 
afforded 0.25 g (> 99 %) of the title compound. The crude was used without 
10 further purification [MS(ES+) m/e 307 [M+H]+]. 

(c) 2-(2-{[(l, l-dimethylethyl)(dimethyl)silyl]oxy}ethyD- ljy-benzimidazole-5-c 
arbaldehyde. Following the same procedure as in Example 96c) but 
substituting Example 100b) (0.25 g, 0,81 mmol) for the compound in 
Example 96c), The desired product was obtained 38 % yield. The crude 

15 was used in the next step. [MS(ES+) m/e 305 [M+H]-l-] 

(d) (2^5^-2-[(2,6-dichlorophenyl)imino]-5-{[2-(2-hydroxyethyl)-l^-benzimid 
azol-5-yUmethylidene}-l,3-thiazolidin-4-one. A microwave vial was 
charged with the compound from Example 100c) (0.095 g, 0.31 mmol), 
(2^-2- [(2, 6-dichlorophenyl)imino] - 1, 3-thiazolidin-4-one (0.082 g, 0.31 

20 mmol), piperidine (O.OSmL, 0.31 mmol) and ethanol (3 mL). The vial was 

sealed and irradiated for Ih at 150 °C in a microwave reactor. The crude 
was treated with aq. 1 N hydrochloric acid (3 mD and the resulting 
precipitate was filtered off. The remaining soUd was washed with water 
and dried under high vacuum. The desired compound was obtained after 

25 flash chromatography (silica gel, 10% methanol, dichloromethane) as a 

brown soHd in 26 % yield (0.035 g) [MS(ES+) m/e 433 lM+H]+, IH NMR 
(400 MHz, DMSO-db) S ppm 13.03 (br. s., 1 H) 7.94 (s, 1 H) 7.88 (s, 1 H) 
7.84 (d, .^8.6 Hz, 1 H) 7.62 (d, c^7.6 Hz, 1 H) 7.58 (d, e;^8.1 Hz, 2 H) 7.25 
(t, c^=8.2 Hz, 1 H) 3.88 (t, e^5.7 Hz, 2 H) 3.22(t, e^5.8 Hz, 2 H). 



30 



35 



Example 101 

(2Z5^-2-[(2.6-dichlorophenvl)imino]"5"{[2-(2''nvridinvl)-liybenzimidazol-6-vl1m 
ethvlidene}" l,3'thiazolidin"4'one 

(a) methyl 2-(2-pyridinyD-l^-benzimidazole-5-carboxylate. A solution of 
2-pyridinecarbaldehyde (0.19 g, 1,80 mmol) in 40 % aq. sodium hydrogen 
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sulfite was stirred for 1 h at room temperature before being added to a 
solution of methyl 3,4-diaminobenzoate (0.300 g, 1.80 mmoD in ethanol (3 
mL). The resulting mixture was stirred under reflux overnight. Then it 
was taken in 10 mL of water and extracted with 3 x 10 mL of ethyl acetate, 
dried over magnesium sulfate, filtrated and concentrated. Flash 
chromatography (silica gel, 10 % methanol, dichloromethane) afforded the 
desired compound as white powder in very low yield (13 %) lMS(ES+) m/e 
254 [M+Hl+l. 

(b) [2-(2-pyridinyD-li?benzimidazol-5-yl]methanoL Following the procedure 
firom Example 96a) but substituting 101a) (0.058 g, 0.23 mmoD for 96a), 
the desired compound was obtained in quantitative yield. The crude was 
used in the following step [MS(ES+) m/e 226 [M+H]+]. 

(c) 2-(2-pyridinyl)-liJ"benzimidazole-5-carbaldehyde. Following the same 
procedure used in Example 96c) but substituting 96b) with 101b) (0.052 g, 
0.23 mmol), the desired product was obtained as a yellow solid in 40 % 
yield. The crude was used without further purification [MS(ES+) m/e 224 
[M+H]+]. 

(d) (2^5^-2-[(2,6-dichlorophenyl)imino]-5-{[2-(2-pyridinyl)-l-ffbenzimidazol 
-6-yilmethylidene}-l,3-thiazolidin-4-one. A microwave vial was charged 
with the compound from Example 100c) (0.02 g, 0.09 mmol), 
(2^-2-[(2,6-dichlorophenyl)imino] - l,3-thiazolidin"4-one (0.023 g, 0.09 
mmol), piperidine (O.Ol mL, 0.09 mL) and ethanol (2 mL). The vial was 
irradiated for 2 h at 150 ^'C in a microwave reactor. The solution was 
cooled to room temperature and diluted in water (4 mL). The aq. phase 
was extracted using 3x4 mL ethyl acetate. The combined organic 
portions were dried over magnesium sulfate, filtrated and concentrated to 
afford the desired product as a yellow solid in 81 % yield, [MS(ES+) m/e 
466 [M+H1+]. IH NMR (400 MHz, DMSO-rfe) 8 ppm 13.33 (d, ^71.7 Hz, 1 
H) 12.88 (br. s., 1 H) 8.75 (s, 1 H) 8.31 - 8.36 (m, 1 H) 8.02 (t, ^7.7 Hz, 1 H) 
7.84 - 7.90 (m, 1 H) 7.79 (d, e^8.3 Hz, 1 H) 7.69 (s, 1 H) 7.52 - 7.65 (m, 3 H) 
7.42 (d, c^8.8 Hz, 1 H) 7.25(t, «^8.1 Hz, 1 H). 
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Example 102 

(5^-5-{[l-(2-cvclopentvlethvl)a iybenziiri idazol-6-vl]methvliden ^ 
ophenvl)amiiio]"1.3-thiazol-4(5jS)"oiie 

(a) 4-amino-3-[(2-cyclopentylethyl)amino]benzonitrile. A mixture of 
3-(methyloxy)"4-nitrobenzonitrile (1.77 g; 9.9 mmol.) and 
(2-cyclopentylethyl)amine (4 mL; excess.) in DMSO (2.5 mL) was stirred 
and heated in a microwave reactor at 125 °C for 65 min. The mixture 
turned bright orange and was diluted with ethyl acetate (50 mL) and 
washed with sat. aqu. sodium hydrogen carbonate (50 mL) and brine (50 
mL). The organic layer was dried over MgS04, filtered and rotary 
evaporated down to residue. Following purification by 
flash-chromatography (silica gel, 5-100% ethyl acetate in hexanes), the 
crude residue was dissolved in methanol (10 mL) and ethyl acetate (10 
mL) and treated with 10% palladium on carbon (20 mg) and hydrogenated 
at 40 psi for 1 h. The mixture was filtered through a pad of celite and the 
filtrate evaporated to give the title compound (0.400 g; 18%) as a brown 
solid. MS(ES+) m/e 230 [M+H]+ 

(b) l-(2-cyclopentylethyD-l^-benzimidazole-6-carbaldehyde. A solution of 
the compound firom Example 102a) (400 mg; 1.76 mmol.) in formic acid 
(lO.O mL) was stirred and heated under reflux for 2h. The solution was 
then cooled to room temperature for the addition of a 50% aqueous 
suspension of Raneynickel (2.0 mL) and water (2.0 mL). The mixture was 
then stirred and heated at 70 °C for 45min. The mixture was cooled to 45 
°G and then filtered through a pad of celite and evaporated. The residue 
was diluted with water (5.0 mJj then taken to pH = 8 with sat. aqu. 
Sodium hydrogen carbonate and extracted with dichloromethane (2 x 25.0 
mL). The organic layers were dried and evaporated with the major 
product being [l-(2-cyclopentylethyl)"l^-benzimidazol-6-yl]methanol. 
The crude alcohol was dissolved in acetone (5 mL), treated with 
manganese dioxide (300 mg) and stirred at room temperature for 3h. The 
mixture was filtered through a pad of celite and evaporated to afford the 
title compound (300 mg; ) as an oil that was used in the next step without 
further purification. MS(ES+) m/e 243 [M+H]+ 

(c) (5^-5-{[l-(2-cyclopentylethyl)-l^-benzimidazol-6-yl]niethylidene}-2-[(2,6- 
dichlorophenyl)amino]-l,3"thiazol-4(5i3)-one. A solution of the compound 
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from Example 102b) (120 mg; 0.496 mmoL), 

2-[(2,6-dichlorophenyl)amino]-l,3-thiazol-4(5^-one (129 mg; 0.496 
mmoL) and piperidine (49 jiL; 0.496 mmoL) in ethanol (2,0 mL) was 
stirred and heated in a microwave reactor at 150 °C for 20 min. The 
5 mixture was by purified directly by chromatography (ODS sihca, gradient 

10-100% acetonitrile/water (0.1% TFA)) to afford the title compound (21.0 
mg, 8%) as a pale-yellow powder. C24H22CI2N4OS MS(ES+) m/e 485 
[M+H]+ . IH NMR (400 MHz, DMSO-rfe) d ppm 12.91 (s, 1 H) 8.72 (s, 1 H) 
7.92 (s, 2 H) 7.80 (d, ^^8.34 Hz, 1 H) 7.56 (d, c^8.08 Hz, 2 H) 7.40 (d, 
10 ^8,84 Hz, 1 H) 7.23 (t, ^8.21 Hz, 1 H) 4.29 (t, c^7.20 Hz, 2 H) 1.76 • 1.84 

(m, 2 H) 1.67 (m, 2 H) 1.51 - 1.60 (m, 3 H) 1.40 - 1.49 (m, 2 H) 1.07 (m, 2 H) 

Example 103 

15 (5^-2-[(2-chlorophenvl)amino]-5-{[l-(2-cvclopentvlethvl)-l^ benzimi dazol-6-vl1 
methvlLdene}- 1. 3-thiazob4(5^-one 

Following the procedure of Example 102c) except substituting 
2- [(2-chlorophenyl)amino]- 1, 3-thiazol-4(5^ -one for 
20 2-[(2,6-dichlorophenyl)amino]-l,3-thiazol-4(5J3)-one, the title compound was 
prepared (15.0 mg, 8%). C24H23CIN4OS MS(ES-i-) m/e 451 [M+H]+ . IH NMR (400 
MHz, DMSO-flfe) d ppm 12.88 (s, 1 H) 8.68 (s, 1 H) 7.92 (s, 1 H) 7.88 (s, 1 H) 7.79 (d, 
c^8.08 Hz, 1 H) 7.55 (d, ^7.33 Hz, 1 H) 7.35 - 7.44 (m, 2 H) 7.22 (s, 2 H) 4.28 (s, 2 
H) 1.79 (s, 2 H) 1.67 (s, 3 H) 1.55 (s, 2 H) 1.44 (s, 2 H) 1.07 (s, 2 H) 

25 

Example 104 

(2^5^-2-[(2.6"dichlorophenvDimino>5-[(2-methvMJgbenzimidazol-6-vl)methvli 
dene] - 1. 3- thiazolidin-4-one 

30 

(a) methyl 2-methyl-liJ-benzimidazole"6-carboxylate. Following the 
procedure as in compound 101a) except substituting with acetaldehyde 
(0.10 mL, 1.81 mmol) instead of 2-pyridinecarbaldehyde, followed by flash 
chromatography (sihca gel, 60% ethyl acetate, hexane) the desired 
35 compound was obtained as a yeUow residue in 45% yield. [MS(ES+) m/e 

191 [M+H]+]. 
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(b) (2-methyl-l^f benzimidazol-6-yl)methanol. To a solution of 104a) (0.156 g, 
0.820 mmoD in THF (5 mL) is held at 0 °C while adding lithium aluminum 
hydride (l.OO mL, 0.984 mLmoD. The solution was allowed to reach room 
temperature over 2 h. Then the mixture was dumped in water followed by 

5 treatment with Rochelle salt (5 mL). After extraction with ethyl acetate (3 

X 10 mL) the washings were combined, dried and filtrated to yield 0.102 g 
(77%) of the desired compound. The crude was taken up to the next step. 
[MS(ES+) m/e 163 [M+H]+]. 

(c) 2"methyl"lJy-benzimidazole-6-carbaldehyde. Following the procedure in 
10 Example 96c) but using 104b) (0.102g, 0.63 mmoD instead of 96b), the 

desired compound was dehvered in 60 % yield. The crude was used 
without further purification. [MS(ES+) m/e 161 [M+H]+]. 

(d) (2^5^-2-[(2,6-dichlorophenyl)imino]-5-[(2-methyMi?benzimidazol-6-yD 
methylidene]-l,3-thiazolidin-4-one. Following the procedure for Example 

15 lOOd) but substituting 100c) with 

2-methyM^-benzimidazole-6-carbaldehyde (0.069 g, 0.38 mmol) the 
desired compound was prepared in 73 % yield as a yellow soUd. [MS(ES+) 
m/e 403 [M+H]+]. IH NMR (400 MHz, METHANOL- ^/4) 6 ppm 7.87 (s, 1 
H) 7.79 (s, 1 H) 7.75 (d, J^8,6 Hz, 1 H) 7.62 (d, ^8.6 Hz, 1 H) 7.47 (d, 

20 c^S.l Hz, 2 H) 7.19 (t, ^8.2 Hz, 1 H) 2.81 (s, 3 H). 

Example 105 

(2^5^"2-[(2,6-dichlorophenvDimino]-5"{r2-(4"pvridinvl)-lffbenzimidazol-5-v 
25 llmethvlidene}- 1. 3-thiazolidin-4-one 

(a) methyl 2-(4-pyTidinyD-ljffbenzimidazole"5-carboxylate. Following the 
procedure for 101a) except substituting 2-pyridinecarbaldehyde with 
4-pyridinecarbaldehyde (0.19 g, 1.77 mmol) the desired compound was 

30 obtained in 60 % yield. The crude was used in the next step. [MS(ES+) m/e 

254 [M+H]+]. 

(b) [2-(4-pyridin5d)-ljy"benzimidazol-5-yl]methanoL The same procedure 
used in Example 104b) except substituting 104a) for 105a) (0.43 g, 1.70 
mmol) afforded the desired compound in 46 % yield. The crude was used 

35 without further purification. [MS(ES+) m/e 226 [M+H]+]. 

(c) 2-(4-pyridinyl)-l^-benzimidazole-5-carbaldehyde. The procedure used for 
Example 96c) but using 105b) (0.175 g, 0.78 mmol) instead of 96b) was 
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employed to prepare the desired compound. After concentration the 
compound was obtained in 74% yield. The crude was carried on to the 
next step. [MS(ES+) m/e 224 [M+H]+]. 
(d) (2-^5^-2- [(2,6-dichIorophenyDimino]-5-{[2-(4-pyridinyl)- 1^-benzimidazol 
5 ■5-yl]methyKdene}-l,3-thiazolidin-4-one. The procedure used to prepare 

Example lOO) was used to prepare the desired compound. Substituting of 
100c) for 105c) (0.065g, 0.29 mmol) aflforded 31% of a deep orange solid. 
[MS(ES+) m/e 466 lM+H]+]. IH NMR (400 MHz, DMSO-db) 5 ppm 12.94 
(br. s., 1 H) 8.88 (d, ^6.3 Hz, 2 H) 8.28 (d, e^6.1 Hz, 2 H) 7.93 (s, 1 H) 7.79 
10 - 7.85 (m, 2 H) 7.60 (d, c.^8.3 Hz, 2 H) 7.45 - 7.51 (m, 1 H) 7.26(t, ^8.2 Hz, 

IH) 

Example 106 

15 (2^5^-5-{[l-(2-cvcloproT3vlethvl)-2"(3-pvridinvl)-liybenzimidazol-6-vl]meth 
vlidene} -2 - [(2. 6 ••dichlorophenvl)imino] - 1 , S'thiazolidin^ 4- one 

(a) 3-[(2-cyclopropylethyl)amino]-4-nitrobenzonitrile. A microwave vial was 
charged with 3-(methyloxy)-4-nitrobenzonitrile (0.430 g, 2.4 mmol) and 

20 2-cyclopropylethanamine (2.00 g, 24 mmol), sealed and irradiated at 125 

for 4000 seconds. The solution was diluted in ethyl acetate (10 mL) and 
washed with sat. aq. sodium hydrogen carbonate. Flash chromatography 
yielded the desired compound as a bright orange solid in 56 % yield. 
[MS(ES+) m/e 232 [M+HI+]. 

25 (b) 4-amino-3-[(2-cyclopropylethyl)amino]benzonitrile. A solution of 106a) 

(0.3 13g, 1.35 mmol) in ethyl acetate (100 mL) was hydrogenated over 20% 
w/w palladium-on-carbon ((O.OOSg, 0.27 mmol) at room temperature and 
40 psi of hydrogen (g). The mixture was filtered through a celite pad and 
evaporated to afford the title compound as an orange oil (95%), The crude 

30 was used without further purification. [MS(ES+) m/e 202 CM:+H]+]. 

(c) l-(2-cyclopropylethyl)*'2-(3-pyridinyl)-l^"benzimidazole-6-carbonitrile. 
The procedure used in Example 96a) except substituting 
isobutyraldehyde for 3 -pyridinecarb aldehyde (0.139 mL, 1.48 mmol) and 
methyl 3,4-diaminobenzoate for 106b) (0.298 g, 1.48 mmol). The resulting 

35 precipitate was filtered off and washed with water. The phases were 

separated and the organic phase was dried over magnesium sulfate. 
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filtrated and concentrated to give the desired product in 92 % yield as a 
yellow soHd. [MS(ES+) mJe 289 [M+H]+]. 

(d) l-(2-cyclopropylethyl)-2-(3-pyridinyl)-li?benzimidazole-6"carbaldehyde. 
A solution of 115c) (0.406 g, 1.41 mmol) in formic acid (10 mL) was treated 

5 with an aq. suspension of Eaney-Ni (l mL, 2800 slurry in water). The 

resulting mixture was refluxed for 1 h. The mixture was filtered, washed 
with ethanol, diluted in water (15 mL), alkahnized using portions of 
sodium carbonate, extracted with 3 x 15 mL dichloromethane, dried and 
concentrated. The desired aldehyde was obtained after flash 
10 chromatography (silica, 60% ethyl acetate, hexane) in 10% 3deld. 

[MS(ES+) m/e 292 [M+H]+]. 

(e) (2^5^-5-{[l-(2-cyclopropylethyD-2-(3-pyridinyl)- l^benzimidazol-6-yl]m 
ethylidene}-2- [(2,6-dichlorophenyDimino] - 1, 3-thiazoKdin-4-one. Following 
the procedure for Example lOOd) except substituting 100c) for 106d) 

15 (0.040g, 0.137 mmol) the desired compound was obtained as a yellow soKd 

(0.028 g, 38%). IH NMR (400 MHz, DMSO-^e) 5 ppm 12.94 (br. s., 1 H) 
8.79 (d, c^4.3 Hz, 1 H) 8.34 (d, J=8.1 Hz, 1 H) 8.06 (td, c^7.8, 1.8 Hz, 1 H) 
7.97 (br. s., 1 H) 7.94 (s, 1 H) 7.85 (d, J^8.3 Hz, 1 H) 7.55 - 7.62 (m, 3 H) 
7.50 (d, c^8.1 Hz, 1 H) 7.44 (d, ^8.3 Hz, 1 H) 7.24 (t, J^8.2 Hz, 1 H) 4.87 (t, 

20 e^7.1 Hz, 2 H) 1.67 (q, c^7.1 Hz, 2 H) 0.47 - 0.65 (m, 1 H) 0.16 - 0.31 (m, 2 

H) -0.1l(q, .^4.9 Hz, 2 H). 

Example 107 

25 (2^5^-2-r(2,6-dichlorophenvl)imino]-5-{[l-methvl-2-(3"pvridinvl)-lff-benzim 
idazQl-5"vnmethvUdene}-L3-thiazolidin-4-one 

(a) l-methyl-2-(3-pyridinyl)-l^benzimidazole-5-carbonitrile. The procedxire 
used in Example 96a) except substituting methyl 3,4-diaminobenzoate for 

30 4-amino-3-(methylanaino)benzonitrile (0.102 g, 0.69 mmol) and 

isobutyraldehdye for 3-pyridinecarbaldehyde (0.06 mL, 0.69 mmol) was 
used to prepare the desired compound as a white sohd in 80 % yield. The 
crude was used without further purification. [MS(ES+) m/e 235 IM+H1+]. 

(b) l"methyl-2-(3-pyridinyD- li?benzimidazole-5-carbaldehyde. A similar 
35 procedure used to prepare 115d) was employed except substituting 115c) 

with 117c) (0.130g, 0.55 mmol). The crude was purified using flash 
chromatography (silica gel, 60 % ethyl acetate, hexane) to yield a colorless 
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oil as the desired product in 17 % yield. The crude was immediately 
treated with manganese oxide (0.079 0.91 mmol) at room temperature 
for 12 h. The mixture was filtered off through a celite pad. The filtrate was 
concentrated to afford the desired product as a colorless solid in 
quantitative yield. [MS(ES+) m/e 238 DVI+H]+]. 

(c) 

(2^5^-2-[(2,6-dichlorophenyl)imino]-5-{[l-methyl-2-(3-pyridinyD-l^-ben 
zimidazol-6-yllniethylidene}-l,3-thiazolidin-4-one. The procedure used in 
Example lOOd) except substituting 100c) for 107e) (0-023 g, 0.097 mmol) 
was used. After treatment with aq. 1 N hydrochloric acid and extraction 
with 3x5 mL ethyl acetate, drying over magnesium sulfate, filtration and 
concentration, the desired product was obtained as a deep orange solid in 
27 % yield. [MS(ES+) m/e 480 CM+H]+]. IH NMR (400 MHz, 
METHANOL- c/4) S ppm 9.02 (br. s., 1 H) 8.78 (br. s., 1 H) 8.26 - 8.38 (m, 1 
H) 7.66 - 7.81 (m, 3 H) 7.57 (d, o^8.3 Hz, 2 H) 7.37 - 7.52 (m, 4 H) 7.17 (t, 
o^S.l Hz, 1 H) 3.38(d, c^7.3 Hz, 3 H). 

Example 108 

(2Z 5^ ' 5-{[2- (aminomethvl) - l^benzimidazol- 5- vl] methvlidene}-2- [(2.6-dichloro 
phenvl)imino]-l,3-thiazolidin-4''one 

(a) methyl 2-(azidomethyl)-l^-benzimidazole-5-carboxylate. A solution of the 
deprotected alcohol 99a2) (O.lSOg, 0.73 mmol) in THE (10 mL) was treated 
with {[bis(phenyloxy)phosphanyl]oxy}azide (0.22 mL, 1.02 mmol) at 0 °C. 
After 5 min l,8-diazabicyclo[5.4.0]undec-7-ene (0.132g, 0.88 mmol) was 
added and the mixture was stirred for 2 h at 0 °C, then at room 
temperature for 20 h. The mixture was diluted in 10 mL of ethyl acetate, 
quenched using 10 mL of water and extracted 3 x 10 mL ethyl acetate. The 
organic layer was dried over sodium sulfate, filtrated and concentration. 
After purification (silica gel, 60% ethyl acetate, hexane) the desired 
product was obtained in quantitative yield. [MS(ES-+-) m/e 232 [M+H]+]. 

(b) methyl 2-(aminomethyD-lZr-benzimidazole-5-carboxylate. To a solution of 
108a) (0.170 g, 0.737 mmol) in 12 mL of tetrahydrofuran was added 
triphenylphosphine (0.270 g, 1.03 mmol). After 2 min water (2 mL) was 
added and the mixture was stirred at room temperature for 3 h. Then it 
was treated with aq. 28% ammonium hydroxide (2 ml) and stirred for an 
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additional 1 h. The mixture was separated into layers and the aq. portion 
was extracted with 3 x 10 mL of ethyl acetate. The combined organic 
portions were dried over magnesium sulfate, filtrated, concentrated and 
purified (silica gel, 60% ethyl acetate, hexane). The desired product was 
5 obtained in 38% yield. [MS(ES+) m/e 206 IM+H]+]. 

(c) 1,1-dimethylethyl 

{[5-(hydroxymethyD" li?benzimidazol-2-yl]methyl}carbamate. To sl 
solution of 108b) (0.058 g, 0.28 mmol) in dimethylformamide (2 mL) was 
added BOC-anhydride (0.300 mL, 0.28 mmol) and triethylamine (0.04 mL. 

10 0.28 mmol). The solution was irradiated at 150 °C for 300 sec in a 

microwave reactor (90% LCMS yield, [MS(ES+) m/e 306 [M+H]+]). The 
mixture was evaporated and the crude was immediately dissolved in 2 mL 
of tetrahydrofuran and treated with lithium aluminum hydride (0.30 mL, 
0.28 mmol, 1 M solution in tetrahydrofuran). The mixture was stirred 

15 overnight and then quenched with 3 mL of methanol. The salts were 

washed with a sat. aq. solution of Rochelle salt (5 mL) and stirred for an 
additional 1 h. The solution was extracted using 3 x 10 mL ethyl acetate. 
The combined organic layers were dried over magnesium sulfate, filtrated 
and concentrated to give the desired product as a yellow oil in 

20 quantitative yield. IH NMR (400 MHz, CHLOROFORM- 5 ppm 7.29 ■ 

7.36 (m, 1 H) 7.08 (d, ^8.3 Hz, 1 H) 6.33 (t, .^5.8 Hz, 1 H) 4.65 (s, 2 H) 
4.41 (d, c^5.8 Hz, 2 H) 2.06 (s, 1 H) 1.38 (s, 9 H). 

(d) 1,1-dimethylethyl [(5-formyl-ljEFbenzimidazol-2-yl)methyl]carbamate. A 
solution of 108c) (0.09 g, 0.32 mmol) in ethyl acetate (5 mL) was treated 

25 with manganese oxide (0.28 g, 3.20 mmol) at room temperature for 2 h. 

The mixture was filtered using a celite pad. After concentration, the 
desired product was obtained as a colorless oil in 58% yield. [MS(ES+) m/e 
276 [M+H]+]. 

(e) 

30 (2^5^-5-{[2-(aminomethyD-l^-benzimidazol-5-yl]methylidene}-2-[(2,6-d 
ichlorophenyl)imino]-l,3-thiazolidin-4"one. A microwave vial was charged 
with 108d) (0.047 g, 0.170 mmol), 

(2^-2-[(2,6-dichlorophenyDimino]-l,3-thiazolidin-4-one (0.044g, 0.170 
mmol), piperidine (0.17 mL, 0.170 mmol), dissolved in ethanol (3 mL). The 

35 mixture was irradiated at 150 °C for 3600 sec, cooled and treated with aq. 

1 N hydrochloric acid. The precipitate was collected by filtration, washed 
with water and dried under vacuum. The orange powder was immediately 
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dissolved in ethyl acetate (5 mL) and treated with aq. 3 N hydrochloric 
acid for 18 h. The naixture was separated into layers by dissolving in 5 mL 
of water and extracted with 3x5 mL of ethyl acetate. The combined 
organic portions were neutralized using sat, aq. sodium hydrogen 
5 carbonate, the dried over magnesium sulfate, filtrated and concentrated 

to give a yellow solid as the final product (41 % yield). CMS(ES+) m/e 418 
[M+H]+]. IH NMR (400 MHz, METHANOL-^ 8 ppm 7.84 (s, 1 H) 7.71 (s, 
1 H) 7.62 (s, 1 H) 7.47 (d, c^8.3 Hz, 2 H) 7.39 (s, 1 H) 7.18 (t, e;^8.2 Hz, 1 H) 
4.65 (br. s., 2 H). 
10 Example 109 

(2Z5^"5"(l^-benzimidazol"5"vlmethvlidene)"2-[(2,6-dichlorophenyl)imino]"l,3-t 
hiazolidin-4"one 

15 (a) methyl l^-benzimidazole"5-carboxylate. Thionyl Chloride (0.135 mL, 

1.85 mmol) was added dropwise to a solution of 
ljybenzimidazole-5-carboxylic acid (0,300 g, 1.85 mmol) in methanol 
(50.0 mL). The solution was refluxed for 12 h and then cooled to room 
temperattire. The mixture was slurried into sat. aq. sodium hydrogen 

20 carbonate, separated into layers and extracted using ethyl acetate (3 x 15 

mL). The combined organic layers are dried over magnesium sulfate, 
filtrated and concentrated to give a purple solid as the desired product in 
90 % yield. The crude was used without further purification. [MS(ES+) 
m/e 177 CM+H]+]. 

25 (b) l^-benzimidazol-5-ylmethanol. A solution of 109a) (0.056 g, .317 mmol) 

was treated as 104a) in Example 104b). The desired product was obtained 
as a pink oil in >99 % yield. The crude was used immediately. [MS(ES-l-) 
m/e 149 [M+H]+]. 

(c) l^-benzimidazole-5-carbaldehyde. A solution of 109b) (0.069 g, 0.466 
30 mmol) in acetone was treated as 107d) in Example 107e). The desired 

product was obtained as a white powder in 48% yield. [MS(ES-I-) m/e 147 
[M+H1+]. 

(d) (2.^5^-5-(l^-benzimidazol-5-ylmethylidene)-2-[(2,6-dichlorophenyl)imin 
o]-l,3-thiazolidin-4-one. Following the procedure in Example lOOd) 

35 substituting lOOc) for 109c) (0.033 g, 0.22 mmol). After filtration, washing 

and drying under vacuum the desired product was obtained as a bright 
yeUow powder in 19% yield. [MS(ES+) m/e 389 [M+H]+]. IH NMR (400 
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MHz, DMSO-^/e) 5 ppm 12.94 (br. s., 1 H) 8.87 (s, 1 H) 7.91 (s, 1 H) 7.85 (s, 
1 H) 7.80 (d, ^8.6 Hz, 1 H) 7.58 (d, ^8.1 Hz, 2 H) 7.52 (dd, ^^8.6, 1.0 Hz, 
IH) 7.24 (t, c^8.1Hz, IH). 

5 Example 110 

(2Z5^-24(2.6-dichloroT)henvl)imino1-5-{r2'(hvdroxvmethvl)a 
midazQl"6-vl1methvlidene}"l,3"thiazolidin-4-one 

10 (a) 3-(methylamino)-4"mtrobenzoic acid. A microwave vial was charged with 

3-(methyloxy)-4"nitrobenzoic acid (l.OO g, 5.07 mmol) and potassium 
carbonate (1.40 g, 10.1 mmol). Then water (2 mL) was added followed by 
methylamine (2.50 ml, 5.07 mmol, 2 M solution in methanol). The vial was 
irradiated at 160 °C during 300 seconds. The solution was allowed to reach 

15 room temperature and dissolved in ethyl acetate. The resulting 

precipitate was collected by filtration to give 68% of the desired product as 
a red-orange solid. The crude was used without further purification. 
[MS(ES+) m/e 197 [M+H]+]. 

(b) 4-amino-iVmethyl-3-(methylamino)-iV^(methyloxy)benzamide. A mixture 
20 of 110a) (0.552 g, 2.81 mmol) and thionyl chloride (1.65 mL) in excess was 

heated to 80 °C for 18 h and then concentrated under reduced pressure. 
Dry toluene was added and the mixture was evaporated (3 times). The 
acyl chloride was taken up in dichloromethane (20 mL) and the solution 
was cooled to 0 °C. Then pyridine (0.68 mL, 8,43 mmol) and 

25 iV^(>dimethylhydroxylamine hydrochloride (0.411g, 4.22 mmol) were 

added and the solution was allowed to reach room temperature overnight. 
The resulting solution was diluted in dichloromethane, separated into 
layers and washed twice with brine. The combined organic washings were 
dried over sodium sxilfate, filtrated and concentrated. The crude was 

30 immediately dissolved in ethanol (50 mL), transferred to a hydrogenation 

vessel and treated with 20% palladium-over-carbon (O.IO g, 0.10 mmol). 
The solution was purged under a stream of nitrogen and then exposed to 
50 psi of hydrogen for 1.5 h. The mixture was filtrated and concentration 
under reduced pressure afforded the desired compound as a yellow oil in 

35 58 % yield. [MS(ES+) m/e 210 [M+H]+]. 

(c) 2-(hydroxymethyl)-A^l"dimethyl-Ar-(methyloxy)"l^benzimidazole-6-carb 
oxamide. A solution of sodium metabisulfite (O.IO g, 0.53 mmol) in water 
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(0.5 mL) was introduced directly into a mixture of 110c) (0.22 1,06 
mmoD and {[(l, l-dimeth3detliyl)(dimethyl)silyl]oxy}acetaldehyde (0.20 
mL, 1.06 mmol) in ethanol (5 mL). The solution was stirred overnight 
under reflux and then allowed to cool down to room temperature. The 
5 mixture was concentrated and the residue was extracted using ethyl 

acetate, dried over magnesium sulfate, filtrated and concentrated to give 
4 % of the desired alcohol as a clear oil. [MS(ES+) m/e 250 [M+H]+]. 
(d) 2-(hydroxymethyD-l-methyl-l^benzimidazole-6-carbaldehyde, To a 
solution of llOd) (0.012 g, 0.046 mmol) in dry tetrahydrofuran (1 mL) at 

10 -60 "C was added lithium aluminum hydride (0.05 mL, 0.046 mmol). 

Stirring was continued at -60 °C for 1 h and then methanol was added 
until bubbling ceased, followed by sat. aq. solution of Rochelle salt (2 mL). 
The solution was stirred overnight and then it was separated into layers 
and extracted using 3x5 mL ethyl acetate. The organic phase was dried 

15 over magnesium sulfate, filtrated and concentrated to give a yellow 

powder in 75 % yield. IH NMR (400 MHz, CHLOROFORM- 5 ppm 10.14 
(s, 1 H) 8.07 (s, 1 H) 7.95 (s, 2 H) 5.16 (s, 2 H) 4.06(s, 3 H). 

(e) 

(2^5^-2-[(2,6-dichloropheny])imino]-5-{[2-(hydroxymethyD-l-methyMjEr 
20 -benzimidazol-6-yl]methylidene}- l,3-thiazolidin-4-one. The procedure 

employed for Example lOOd) was use but substituting 100c) for llOe) 
(0.006 g, 0.032 mmol). The expected product was obtained in 26 % yield as 
a yellow solid. [MS(ES-f) m/e 

433 [M-I-H1+]. IH NMP (400 MHC, METHANOA~54) 5 ppm 7.91 (s, 1 H) 7.64 ■ 
25 7.72 (m, 2 H) 7.47 (d, ^8.1 Hz, 2 H) 7.40 (d, c^8.6 Hz, 1 H) 7.18 (t, c^8.2 

Hz, 1 H) 4.88 (s, 2 H) 3.93(s, 3 H). 



Example 111 



30 (5^"2-[(2,6-dicMoroDhenvl)aminol"5-({l42-(3"nvridinvl)ethvl]aJ?be n7.imidfl7:o^ 
6-vl}methvlidene)"1.3-thiazol-4(5^-one 

(a) 4-amino-3"{[2-(3-pyridinyl)ethyl]amino}benzomtrile. A mixture of 
3-(methyloxy)-4-nitrobenzonitrile (l.O g; 5.62 mmol.) and 
35 [2-(3-pyridinyDethyl]amine (754 mg; 6.18 mmol.) in DMSO (l.O mL) was 

stirred and heated in a microwave reactor at 125 for 65 min. The 
mixture turned bright brown-orange and a precipitate formed upon 

93 



wo 2005/082901 



PCT/US2005/006022 



cooling and was filtered off and dried. The crude residue was dissolved in 
methanol (10 mL) and ethyl acetate (10 mL) and treated with 10% 
palladium on carbon (20 mg) and hydrogenated at 40 psi for 1 h. The 
mixture was filtered through a pad of celite and the filtrate evaporated to 
5 give the title compotmd (0.394 g; 29%) as a light brown soM which was 

used in the next step without further purification. MS(ES+) m/e 239 
[M+H1+ 

(b) l-[2-(3-pyridiny])ethyl]-l^Fbenzimidazole-6-carbaldehyde. A solution of 
the compound fifom Example 111a) (394 mg; 1.66 mmol.) in formic acid 

10 (10.0 mL) was stirred and heated under reflux for 2h. The solution was 

then cooled to room temperature for the addition of a 50% aqueous 
suspension of Raney-nickel (2.0 mL) and water (2.0 ml). The mixture was 
then stirred and heated at 70 °C for 45min. The mixture was cooled to 45 
°C and then filtered through a pad of celite and evaporated. The residue 

15 was diluted with water (5.0 mL) then taken to pH = 8 with sat. aqu. 

sodium hydrogen carbonate and extracted with dichloromethane (2 x 25.0 
mL). The organic layers were dried and evaporated to afford the title 
compound as a mixture with its corresponding alcohol as a minor product 
(222 mg) as an oil that was used in the next step without further 

20 purification. MS(ES+) m/e 252 [M+H]+ . 

(c) (5^-2-[(2,6-dichlorophenyl)amino] -5-({l- [2-(3-pyridinyDethyl]- l.£Fbenzim 
idazol-6-yl}methylidene)-l,3-thiazol-4(5£^-one. A solution of the 
compound from Example 111b) (222 mg; 0.884 mmoL), 
2-[(2,6-dichlorophenyDamino]-l,3-thiazol-4(5^-one (100 mg; 0.385 

25 mmol.) and piperidine (38 vIjI 0.385 mmol.) in ethanol (2.0 mU was 

stirred and heated in a microwave reactor at 150 °C for 20 min. The 
mixture was by purified directly by chromatography (ODS siUca, gradient 
10-100% acetonitrile/water (0.1% TFA)) to afford the title compound (6.0 
mg, 3%) as a pale-yeUow powder. G24H17CI2NBOS MS(ES-1-) m/e 493 

80 [M+H1+ . IH NMR (400 MHz, DMSO-dfe) d ppm 12.99 (bs, IH) 8.64 - 8.73 

(m, 3 HO 8.09 - 8.16 (m, 2 H) 7.89 (s, 1 H) 7.81 (d, ^8.59 Hz, 1 H) 7.70 - 
7.76 (m, 1 H) 7.57 (d, c;^.34 Hz, 2 H) 7.37 (d, c^8.84 Hz, 1 H) 7.23 (t, 
c;^8.08 Hz, 1 H) 4.65 (t, c^7.07 Hz, 2 H) 3.31 (t, ^7.07 Hz, 2 H) 
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Example 112 

(5^-5-{[l-(cvcloDropvlmethvl)-l.£r"benzimidazol-6-vl1methvHdene}-^ 
ophenvl) amino]- l,3-thiazQl-4(5£5-one 

(a) 4-amino-3-(cyclopropylmethylamino)benzordtrile. A mixture of 
3-(methyloxy)-4-nitrobenzonitrile (1,0 g; 5.62 mmoL) and 
cyclopropylmethylamine (438 mgl 6.18 mmol.) in DMSO (l.O mL) was 
stirred and heated in a microwave reactor at 125 °C for 65 min. The 
mixture turned bright orange and a precipitate formed upon cooling and 
was jBltered off and dried. The crude residue was dissolved in methanol 
(10 mL) and ethyl acetate (10 mL) and treated with 10% palladium on 
carbon (20 mg) and hydrogenated at 40 psi for 1 h. The mixture was 
filtered through a pad of celite and the filtrate evaporated to give the title 
compound (0.317 g; 30%) as a light brown solid which was used in the next 
step without further purification. MS(ES+) m/e 188 [M+H]^ 

(b) l-(cyclopropylmethyl)-l^benzimidazole-6-carbaldehyde. A solution of 
the compound from Example 112a) (317 mg; 1.67 mmol.) in formic acid 
(10.0 mL) was stirred and heated under reflux for 2h. The solution was 
then cooled to room temperature for the addition of a 50% aqueous 
suspension of Raneynickel (2.0 mL) and water (2.0 mL). The mixture was 
then stirred and heated at 70 °C for 45min. The mixture was cooled to 45 
°C and then filtered through a pad of celite and evaporated. The residue 
was diluted with water (5.0 mL) then taken to pH = 8 with sat. aqu. 
Sodium hydrogen carbonate and extracted with dichloromethane (2 x 25.0 
mL). The organic layers were dried and evaporated to afford the title 
compound as a mixture with its corresponding alcohol as a minor product 
(182 mg) as an oil that was used in the next step without fixrther 
purification. MS(ES+) m/e 201 [M+H]+ 

(c) (5^-5-{[l-(cyclopropylmethyl)-l^-benzimidazol-6-yIImethylidene}-2"[(2,6- 
dichlorophenyl)amino]-l,3-thiazol-4(5H)-one. A solution of the compound 
from Example 112b) (182 mg; 0.910 mmol.), 

2-[(2,6-dichlorophenyl)amino]-l,3-thiazol-4(5^-one (lOO mg; 0.385 
mmol.) and piperidine (38 piL; 0.385 mmol.) in ethanol (2.0 mL) was 
stirred and heated in a microwave reactor at 150 °C for 20 min. The 
mixture was by purified directly by chromatography (ODS siHca, gradient 
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10-100% acetonitrile/water (0.1% TFA)) to afford the title compound (4.0 
mg, 3%) as a orange powder. C21H16CI2N4OS MS(ES+) m/e 443 [M+H]+ . 

Example 113 

5 

(5^-5-[(l-cvclopentvI- Iff benzimidazol"6"vl)methvlidene]-2-[(2,6-dichloronhenvl) 
amino1-1.3"thiazol-4(5£5"one 

(a) 4-amino-3-(cyclopentylamino)benzonitrile. A mixture of 

10 3-(methyloxy)-4-nitrobenzonitrile (l.O gl 5.62 mmoL) and 

cyclopentylamine (526 mg> 6.18 mmoL) in DMSO (l.O mL) was stirred and 
heated in a microwave reactor at 125 °C for 65 min. The mixture turned 
orange and a precipitate formed upon cooling and was filtered off and 
dried. The crude residue was dissolved in methanol (10 mL) and ethyl 

15 acetate (10 mL) and treated with 10% palladium on carbon (20 mg) and 

hydrogenated at 40 psi for 1 h. The mixture was filtered through a pad of 
ceUte and the filtrate evaporated to give the title compound (0.331 g; 29%) 
as a light brown solid which was used in the next step without further 
purification. MS(ES-i-) m/e 202 [M+H]-^ 

20 (b) l-cyclopentyl-lffbenzimidazole-6-carbaldehyde, A solution of the 

compound from Example 113a) (331 mg; 1.65 mmol.) in formic acid (lO.O 
mL) was stirred and heated under reflux for 2h. The solution was then 
cooled to room temperature for the addition of a 50% aqueous suspension 
of Raney-nickel (2.0 mL) and water (2.0 mL). The mixture was then 

25 stirred and heated at 70 °G for 45min. The mixture was cooled to 45 

and then filtered through a pad of celite and evaporated. The residue was 
diluted with water (5.0 mL) then taken to pH = 8 with sat. aqu. Sodium 
hydrogen carbonate and extracted with dichloromethane (2 x 25.0 mL). 
The organic layers were dried and evaporated to afford the title compound 

30 as a mixture with its corresponding alcohol as a minor product (206 mg) as 

an oil that was used in the next step without further purification. 
MS(ES+) m/e 215 [M+H]+ 
(c) (5^-5" [(1-cyclopentyl- ljffbenzimidazol-6-yl)methylidene] -2- [(2,6-dichloro 
phenyl)amino]-l,3-thiazol-4(5jH!)-one. A solution of the compound from 

35 Example 111b) (206 mg; 0.962 mmoL), 

2-[(2,6-dichlorophenyl)amino]-l,3-thiazol-4(5^-one (100 mg; 0.385 
mmol.) and piperidine (38 p.L; 0.385 mmol.) in ethanol (2.0 mL) was 
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stirred and heated in a microwave reactor at 150 °C for 20 min. The 
mixture was by purified directly by chromatography (ODS sihca, gradient 
10-100% acetonitrile/water (0.1% TFA)) to afford the title compound (5.0 
mg, 3%) as a yeUow powder. G22H18CI2N4OS MS(ES+) m/e 457 [M+H1+ . 

Example 114 

(5^-5-(l.3-Benzoxazol-6-vlinetbv1i d ene)-2-r(2fi-dichloronbft Tivl)amiTin1-1,.^-ft^,-^^ 
ol-4(5ij)-one 



(0 (5^-2-[(2,6-DichlorophenyDamino]-5-[(3-hydroxy-4-nitrophenyDmethyM 
ene]-l,3-thiazol-4(5^-one. A mixture of 

2- [(2,6-dichlorophenyDamino]-l,3-thiazol-4(5.^-one (2.61 g; 0.01 mol.), 

3- hydroxy-4-nitrobenzaldehyde (1.67 g; 0.01 mol.) and piperidine (l.O mL; 
15 0.01 mol.) in ethanol (5.0 mD was stirred and heated in a microwave 

reactor at 150 "C for 20 min. The mixture was cooled and poured into IM 
aqu. hydrochloric acid (50.0 ml^ then extracted with ethyl acetate (200 
ml). The organic layer was dried and evaporated to afford the title 
compound (3.2 g; 78%) as an orange powder. CieH9Cl2N304S requires: %G, 
20 46.9; %H, 2.2; %N, 10.2; found: %C, 46.9; %H, 2.1; %N, 10.0. IH NMR 

(400 MHz, BMSO-de) 5 ppm 7. 14 (dd, ^8.59, 1.52 Hz, 1 H) 7.20 (d, ^1.52 
Hz, 1 H) 7.24 (t, ^8.21 Hz, 1 H) 7.58 (d, c^8.08 Hz, 2 H) 7.69 (s, I H) 7.94 
(d, ^8.59 Hz, 1 H) 11.31 (s, 1 H) 13.11 (s, 1 H). 

(g) (5^-5-[(4-Amino-3-hydroxyphenyl)methyUdene]-2-[(2,6-dichlorophenyDa 
25 mino]- l,3-thiazol-4(5^-one. A solution of the compound fi-om Example 

113a) (3.1 g; 7.5 mmol.) in methanol (200 mL) was hydrogenated over 10% 
w/w paUadium-on-carbon (0.60 g) at room temperature and atmospheric 
pressure for 20h. The mixture was filtered through celite and evaporated 
to afford the title compound (2.85 g; quantitiative). IH NMR (400 MHz, 
30 DMSO-db) 6 ppm 5.46 (s, 2 H) 6.61 (d, ^8.34 Hz, 1 H) 6.74 (s, 1 H) 6.83 (d, 

e^8.34 Hz, 1 H) 7.19 (s, 1 H> 7.35 - 7.45 (m, 1 H) 7.53 (d, ^7.33 Hz, 2 H) 
9.49 (s, 1 H) 12.55 (s, 1 H). 

(h) (5^-5-(l,3-Benzoxazol-6-yhnethyKdene)-2-[(2,6-dichlorophenyDamino]-l, 
3-thiazol-4(5.£9-one. A solution of the compound fi-om Example 113b) 
35 (0.42 g; 1. 1 mmol.) in triethyl orthoformate (2.0 mU was stirred and 

heated in a microwave reactor at 125 "C for 15 min. The mixture was 
cooled and directly purified by chromatography (sihca gel, hexanes/ethyl 

97 



wo 2005/082901 



PCT/US2005/006022 



10 



acetate (7'3)) to afford the title compound (161 mg; 38%) as a cream 
powder. C17H9CI2N3O2S requires: o/^q, 52.3; %H, 2.3; %N, 10.8; found: %C, 
52.0; %H, 2.3; %N, 10.1. IH NMR (400 MHz, DMSO-db) 6 ppm 7.24 (t, 
e^8.08 Hz, 1 H) 7.51 (dd, ^8.34, 1.26 Hz, 1 H) 7.58 (d, c>^8.08 Hz, 2 H) 
7.86 - 7.94 (m, 2 H) 8.00 (d, c^l.26 Hz, 1 H) 8.88 (s, 1 H) 13.00 (s, 1 H). 

Example 115 Capsule Composition 
An oral dosage fonn for administering the present invention is produced by filing a standard 
two piece hard gelatin capsule with the ingredients in the proportions shown in Table I, below. 

Table I 

INGREDIENTS AMOUNTS 

(5Z)-2-[(2-Chlorophenyl)amino]-5-[( 1 -methyl- 1 i7-benzimidazol- 25 mg 
6-yl)methylidene]-l,3-thiazol-4(5if)-one (compound of Ex. 1) 

Lactose 55 mg 

Talc 16mg 

Magnesium Stearate 4 mg 

Example 116 - Injectable Parenteral Composition 

15 An injectable form for administering the present invention is produced by stirring 

1.5% by weight of 

(5Z)-2-[(2-Chlorophenyl)amino]-5-[(l,2-dimethyl-lif-benzimidazol-6-yl)methylidene]-l,3 
hiazol-4(5jF0-one (compound of Ex. 9) in 10% by volume propylene glycol in water. 

20 Example 117 - Tablet Composition 

The sucrose, calcium sulfate dihydrate and an Akt inhibitor as shown in Table II 
below, are mixed and granulated in the proportions shown with a 10% gelatin solution. The 
wet granules are screened, dried, mixed with the starch, talc and stearic acid;, screened and 
25 compressed into a tablet. 

Table II 

INGREDIENTS AMOUNTS 
(5Z)-2-[(2,6-dichlorophenyl)amino]-5-({ l-[2-(3-pyridinyl)ethyl 20 mg 
] - 1 jy-benzimidazol-6-y 1 } methylidene)- 1 ,3 -thiazol-4(5/ir)-one 
(compound of Ex. Ill) 

calcium sulfate dihydrate 30 mg 

sucrose 4 mg 

starch 2 mg 

talc 1 mg 

stearic acid 0.5 mg 
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Biological Methods and Data 

As demonstrated by the representative compounds of the present invention in Table 
5 1, the compounds of the present invention have valuable pharmacological properties 
due to their potent abihty to inhibit the hYAK3 kinase enzyme. 

Substrate phosphorylation assays were carried out as follows^ 

10 YAKS Scintillation P roxiTnit y Assavs Using Serl64 of Mvelin Basic Protein as the 
phosphoacceptor 

The source of Serl64 substrate peptide T he biotinylated Serl64, S164A 
peptide(Biotinyl-LGGRDSKAGS*PMARR-OH ), sequence derived from the 
15 C-terminus of bovine myelin basic protein (MBP) with Serl62 substituted as 

Alal62, was purchased from California Peptide Research Inc. (Napa, CA), and its 
purity was determined by HPLC. Phosphorylation occurs at position 164 (marked 
S* above). The calculated molecular mass of the peptide was 2166 dalton. Solid 
sample was dissolved at 10 mM in DMSO, aUquoted, and stored at -20 °C until use. 

20 

The source of enzvme - 
hYAK3: Glutathione-S-Transferase (GST)-hYak3-His6 containing amino acid 
residues 124-526 of human YAK3 (aa 124-526 of SEQ ID NO 2. in US patent no. 
6,323,318) was purified from baculovirus expression system in Sf9 cells using 
25 Glutathione Sepharose 4B column chromatography followed by Ni-NTA- Agarose 

column chromatography. Purity greater than 65% typically was achieved. Samples, 
in 50 mM Tris, 150 mM NaCl, 10%glycerol, 0.1% Triton, 250 mM imidazole, 10 mM 
p-mercapto ethanol, pH 8.0. were stored at -80 °C until use. 

30 Kinase assav of purified hYAK3 ' Assays were performed in 96 well (Costar, 

Catalog No. 3789) or 384 well plates (Costar, Catalog No. 3705). Reaction (in 20, 25, 
or 40 |i.l volume) mix contained in final concentrations 25 mM Hepes buffer, pH 7.4; 
10 mMMgCl2; 10 mM p-mercapto ethanol; 0.0025% Tween-20; 0.001 mM ATP, 
0.1 iLiCi of [Y-32P]ATP; purified hYAK3 (7-14 ng/assay; 4 nM final); and 4 fiM 

35 Serl64 peptide. Compounds, titrated in DMSO, were evaluated at 

concentrations ranging from 50 jaM to 0.5 nM. Final assay concentrations of 
DMSO did not exceed 5%, resulting in less than 15% loss of YAKS activity 
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relative to controls without DMSO. Reactions were incubated for 2 hours at room 
temperature and were stopped by a 75 ul addition of 0.19 jxg Streptavidin 
Scintillation Proximity beads (Amersham Pharmacia Biotech, Catalog No. RPNQ 
0007) in PBS, pH 7.4, 10 mM EDTA, 0,1% Triton X-100, 1 mM ATR Under the 
5 assay conditions defined above, the Km(apparent) for ATP was determined to be 
7.2 +/- 2.4 M.M. 
Table 1 



Compounds from example nos. 


pIC,„ values 


59 


+++ 


58 


++ 


53 


+ 



Legend 



plC^„ values 


Symbol 


8.99-8 


+++ 


7.99 - 7 


++ 


6.99 - 6 


+ 



pICso = -logioCICso) 

10 

The above biological data clearly shows that the compounds of fomiula I are useful for 
treating or preventing disease states in which hYAK3 proteins are implicated, especially 
diseases of the erythroid and hematopoietic systems, including but not limited to, anemias 
due to renal insufficiency or to chronic disease, such as autoimmunity, HTV, or cancer, and 
15 drug-induced anemias, myelodysplastic syndrome, aplastic anemia, myelosuppression, and 
cytopenia. 

The compounds of formula I are especially useful in treating diseases of the hematopoietic 
system, particularly anemias. Such anemias include an anemia selected fi-om the group 

20 comprising: aplastic anemia and myelodysplastic syndrome. Such anemias also include those 
wherein the anemia is a consequence of a primary disease selected jfrom the group consisting 
of: cancer, leukemia and lymphoma. Such anemias also include those wherein the anemia is 
a consequence of a primary disease selected from the group consisting of: renal disease, 
failure or damage. Such anemias include those wherein the anemia is a consequence of 

25 chemotherapy or radiation therapy, in particular wherein the chemotherapy is chemotherapy 
for cancer or AZT treatment for HTV infection. Such anemias include those wherein the 
anemia is a consequence of a bone marrow transplant or a stem cell transplant. Such anemias 
also include anemia of newborn infants. Such anemias also include tliose which are a 
consequence of viral, fungal, microbial or parasitic infection. 
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The compounds of formula I are also useful for enhancing normal red blood cell numbers. 
Such enhancement is desirable for a variety of purposes, especially medical purposes such as 
preparation of a patient for transfusion and preparation of a patient for surgery. 

5 While the preferred embodiments of the invention are illustrated by the above, it is to be 
understood that the invention is not limited to the precise instructions herein disclosed and that 
the right to all modifications coming within the scope of the following claims is reserved. 
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